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LETTER OF TRANSMITTAL. 


Unitep States DerartMent or AGRICULTURE, 
Bureau or Enromovoey, 
Washington, D. C., October 19, 1909. 
Sir: I have the honor to transmit herewith a manuscript, by Mr. 
Nathan Banks, an assistant in this Bureau, entitled “A List of Works 
on North American Entomology.” Similar lists, by Mr. E. A. 
Schwarz and Mr. Nathan Banks, were published in 1888 and 1900 as 
Bulletin No. 19, old series, and Bulletin No. 24, new series, of this 
office. Since 1900 the number of publications on North American 
insects has greatly increased, so that Bulletin No. 24 is now very much 
out of date and there is a great demand among economic entomolo- 
gists, students, and other workers for a new bulletin covering the same 
subject. I therefore recommend the publication of this manuscript 
as Bulletin No. 81, of the Bureau of Entomology. 
Respectfully, 
L. O. Howarp, 
Entomologist and Chief of Bureau. 
Hon. James Witson, 
Secretary of Agriculture. 


CONTENTS: 


MPR HGH Deseo, Te rst fone ice aa ae a Meta sec.t ci moly.<s wine sees emcees 
Comprehensive works most useful for the study of North American insects. - - 
Bip loenap were se sales anos Semeinoces nancies es cs cecles see oess Saeeeeas ost es 
Systematic works on single orders of insects: 
EBV IMGTEO DLCRE a meee aioe emo see ecm siaicie scans Sohal es Slee sa Bases 
LD AYDEN See pies eS oe a a aS ee a a ie eer ees et 
‘Soy E15 CETTE ce a a ee ae ae grees oe, Ee 
TLE Ged (Ub BT ee Ae Se Se RN ag Pam cS pa se a i ee a eg 
CHEM SOF SERB, © my Fk A tp ee Mi eg a Re hfe ee ee 
MS ROR MN ae aim ie ate Les Seah Rapa aphnelso e kee = oe Vina ne nis 
TE PECTRTV OURS TTL ta, GR SR ee ee cae ea eee aC hee eS Ap 
“LOGS ASEATAY OO EVE Se Hae es eee eR aR ee ee ee ee 
PCA UO Ne aint Any NS oe = Be SA Ate Re orara sr = eee Se cice bese 
(ONS ENG aT SUIED MR 8 BIR Ate eRe oe oa Se aE 
Neuroptera (including Pseudoneuroptera)-o..2.2..0..---2.-.2222-.+2-52 
EI ert eee sets. Mere eect ila Aa ein best eats ee ala Po oe 
PGT ATaA Mel ee ene Pee Se Se tn i See a re aS main we Se ores 
Minit ener eae ere tet od et ee see ways ieee felon oe 
ANT PENGUIN G EY es BS Pree acl Peg a aa Bes. ce See A eee eae 
Mionicronkeconamic entomology. 222.22... 65 5----+-e2+e ete asescseb eee 
Rselecpanoniedical CnLOMOlOPYy? .2=- = 2c. -s25- 2-4... - os. 226+ 22 =~ toate ate 
The more important periodicals cited in this bulletin’. © 2% ae oneae nae 
How to obtain entomological books and pamphlets.-.....------.----------- 


A LIST OF WORKS ON NORTH AMERICAN ENTOMOLOGY. 


INTRODUCTION. 


This list of works on North American insects is a revision of 
Bulletin No. 24 (new series), together with the additional titles 
that have been published since the issuance of that bulletin (1900). 
These additions are very extensive in some of the orders; indeed, in 
many families the recent literature has completely replaced all that 
before treated of the family in this country. The appearance of 
Wytsman’s Genera Insectorum has added many papers of the great- 
est importance to the systematist. The widening importance of 
entomology has shown that almost any group hitherto of little eco- 
nomic value may suddenly become of great importance. Therefore 
it is useful to keep posted on all systematic work. 

This list is intended to aid the student in such systematic study 
as is now a necessary qualification for economic work. 

A new chapter has been added, namely, titles of value in medical 
entomology. 


COMPREHENSIVE WORKS MOST USEFUL FOR THE STUDY OF 
NORTH AMERICAN INSECTS. 


Say, THomas.—Complete writings on the entomology of North Amer- 


ica; edited by J. L. Le Conte. 2 vols. New York, 1859. 


Principally descriptions of new species; contains a glossary to entomo- 
logical terms. Now out of print. 


Comstock, J. H.—A manual for the study of insects. Ithaca, N. Y., 
1895. 


Packarp, A. S.—Guide to the study of insects. New York. Many 
editions. (First edition, Salem, 1869.) 
—— A text-book of entomology. New York, 1898. 
Anatomy and morphology. 
Kexioce, V. L.—American insects. New York, 1905, pp. 674, many 
figures. Second revised edition, American Nature Series, 1908. 


Fotsom, J. W.—Entomology, with special reference to its biological 

and economic aspects. Philadelphia, 1906, pp. 485, many figures. 

Howarp, L. O.—The insect book. New York, 1901, pp. 428, pls. 48. 
ré 
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Banks, N.—Directions for collecting and preserving insects. <Bul. 
, z gS | ‘ 
67, U. S. Nat. Mus., 1909, pp. 130. 
Hyart, A., and Arms, J. M—Insecta. No. VIII, Guides for science 
teaching. Boston, 1890. 


Burmeister, H. C. C.—Handbuch der Entomologie. Berlin, 1832— 
1855. 5 vols. I. Allgemeine Entomologie. 

The first volume treats of general entomology; Vol. II, part 1, of the 
Hemiptera; part 2, of Orthoptera; part 3, of Neuroptera; the re- 
maining volumes of Coleoptera. 

The first volume has been translated by W. E. Shuckard, under the 
title, Manual of Entomology. 1 vol. London, 18386. 

Westwoop, J. O.—An introduction to the modern classification of 
insects, founded on the natural habits and corresponding organi- 
zation of the different families. 2 vols. London, 1839-1840. 


Kirpsy, W., and Spence, W.—An introduction to entomology. 4 vols. 
London, 1815-1826. Several later editions, some in two volumes. 


Suarp, D.—The Cambridge natural history; insects. 2 vols.: Vol. 1, 
1895; vol. 2, 1899. London. 


Ko.er, H. J.—FEinfiihrung in die Kenntnis der Insekten. Berlin, 
1893. 


Ktncxet p’Hercunais, J.—Les Insectes, les Myriopodes, et les 
Arachnides. Edition francaise, A. ©. Brehm, Merveilles de la 
Nature. 2 vols. Paris, 1883. 


THE Stranparp Naturau Hisrory.—Edited by J. S. Kingsley. Bos- 
ton, 1884-1885. 


Volume II contains the insects, treated by the following authors: 
Hymenoptera, J. H. Comstock and L. O. Howard; Coleoptera, Geo. 
Dimmock; Lepidoptera, H. Edwards and C. H. Fernald; Diptera, 
S. W. Williston; Orthoptera, C. V. Riley; Hemiptera, P. R. Uhler; 
Neuroptera, A. S. Packard; Arachnida, J. H. Emerton. 
Brotocia Centrati-AMeErRIcANA.—Edited by T. Ducane Godman and 
Osbert Salvin. London, issued in parts. —[ Unfinished. | 
The different subjects, as far as published, may be secured by purchase 
from foreign book dealers. 
Cowan, F.—Curious facts in the history of insects. Philadelphia, 
1865, pp. 396. 


Comstock, J. H.—Insect Life. New York, 1897, pp. 349. New Edi- 
tion, 1901. 


Tsaac, J.—Entomology in outline. <2nd Bien. Rep. Comm. Hort. 
Cal., f. 1905-1906, pp. 37-154, 1907. 


Packarp, A. S. 


Entomology for beginners. New York, 1892. 


' BIBLIOGRAPHY. 9 


Hunter, S. J.—Elementary studies in insect hfe. Topeka, Kans., 
1902. 

Sairn, J. B.—Explanation of terms used in entomology. Brooklyn 
Entomological Society, 1906. 

Hanpuirscu, A.—Die fossilen Insekten, und die Phylogenie der 
rezenten Formen. Leipzig, 1908, 8 parts, many plates. 


BIBLIOGRAPHY. 


Hacen, H. A.—Bibliotheca entomologica. Die Litteratur tiber das 
ganze Gebiet der Entomologie bis zum Jahre 1862. Leipzig, 1862. 
TascHENBERG, O.—Bibliotheca Zoologica. II, 1889; III, 1890. 
Leipzig. 
Dealing with the literature of entomology from 1861 to 1880; the first 
volume, under Carus and Engelmann, brought the subject down to 
1861, duplicating Hagen’s work. 

ZootogicaL Recorp.—Published each year by the Zoological Society 
of London. 

BretiograruH1a Zootocica.—Published in parts, in connection with 
the Zoologischer Anzeiger. 

Scupper, 8. H.—Nomenclator zoologicus. <Bul. 22, U.S. Nat. Mus., 
1882. 

Contains a universal index to the genera used in zoology down to 1880. 

Warernouse, C. O.—Index zoologicus. London, 1902, pp. 421. 

Names of new genera from 1880 to 1900; thus a supplement to Scud- 
der’s work. 

Conciztum Brisii0cRaPpHicuM, ZuRICH, SWITZERLAND, issues refer- 
ences on cards. One can purchase the cards on any particular 
group very cheaply. 

Current LITERATURE is catalogued in several publications, notably 
Bulletin de la Société Entomologique de France, Zeitschrift fiir 
wissenschaftliche Insektenbiologie, Entomologische Litteratur- 
blitter, and Zoologischer Anzeiger. 

Hensuaw, S.—Bibliography of American economic entomology. 
Parts I-V. <U.S. Dept. Agr., 1890-1896. 

Literature down to July 1, 1SSS. 

Banks, N.—Bibliography of American Economic Entomology. 

Parts VI, VII, VIL. <U.S. Dept. Agr., 1898, 1901, 1905. 
Literature from June 30, 1888, to January 1, 1905. 
BrsiiocraPHy or Insects or THE West InptEs.—Report of Commit- 


tee, Proceedings British Association for the Advancement of 
Science, 1888, pp. 1-28. 
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Fauna Arctrica.—Edited by Romer and Schaudinn, Jena. Entomo- 
logical parts are: Collembola, by Scheffer, 1900; Lepidoptera, 
by Pagenstecher, 1901; Tenthredinide, by Kiaer, 1902; Hymen- 
optera, by Friese, 1902; Hemiptera, by Breddin, 1902; Acarida, 
by Tragardh, 1905; Aranez, Opiliones, Chernetes, by Strand, 
1906; Myriopoda, by Attems, 1906. 


SYSTEMATIC WORKS ON SINGLE ORDERS OF INSECTS. 
HYMENOPTERA. 


I.—CATALOGUES. 


Cresson, E. T.—Catalogue of species and bibliography. Part 2 of 
Synopsis of the Hymenoptera of America, north of Mexico. 
Synopsis and catalogue. <Trans. Amer. Ent. Soc., Supple- 
mentary volume, 1887. Philadelphia, 1887. 


Datta Torre, C. G. pe.—Catalogus Hymenopterorum. 10 vols. 
Leipzig, 1893-1900. . 
I, Tenthredinide ; II, Cynipidz ; III, Ichneumonide, etc.; IV, Braconide ; 
V, Chalcididse and Proctotrupide; VI, Chrysidide; VII, Formi- 
cide; VIII, Fossores; IX, Vespide; X, Apidse. Each volume can 
be purchased separately. 


Il, GENERAL WORKS ON CLASSIFICATION. 


Cresson, E. T.—Synopsis of the families and genera of the Hymen- 
optera, north of Mexico, together with a catalogue of the de- 
scribed species and bibliography. <Trans. Amer. Ent. Soc., 
supplementary volume, Part I, 1887. 

The second part contains the Catalogue of Species and Bibliography. 


IePELETIER DE SaAtntT Farceau, Compre Am&pre.—Histoire naturelle 
des insectes, Hymenoptéres. 4 vols., Paris, 1836-1846, pls. 48. 
Fourth vol. by A. Brullé. 


Fox, W. J.—A proposed classification of the fossorial Hymenoptera 
of North America. <Proc. Acad. Nat. Sci. Phila., 1894, pp. 292- 
307. 


AsuMmerap, W. H.—Classification of the horntails and sawflies, or the 
suborder Phytophaga. <Can. Ent., 1898, pp. 142-148, 177-183, 


205-213, 226-232, 249-957, 281-287. 


Classification of the bees, or the superfamily Apoidea. 
<Trans. Amer. Ent. Soc., xxv1, pp. 49-100, 1899. 


Superfamilies in the Hymenoptera and generic synopses of 
the families Thynnide, Mvrmoside, and Mutillide. <Journ. 
N. Y. Ent. Soc., 1899, pp. 45-60. 


HYMENOPTERA. let 


AsuMmeEap, W. H.—A classification of the entomophilous wasps, or 
the superfamily Sphegoidea. <Can. Ent., 1899, pp. 145-155, 
161-174, 212-925, 238-251, 291-300, 322-330, 345-357. 


Classification of the ichneumon flies, or the*superfamily Ich- 
neumonoidea. < Proc. U. S. Nat. Mus., xx, pp. 1-200, 1900. 


Classification of the fossorial, prédaceous, and parasitic wasps, 
or the superfamily Vespoidea. <Can. Ent., 1900, pp. 145-155, 
185-188, 295-296; 1902, pp. 79-88, 1381-187, 163-166, 203-210, 
218-231, 268-273, 287-291 ; 1903, pp. 3-8, 39-44, 95— 107, 155-158, 
199-205, 303-310, 323-332; 1904, pp. 5-9 


Classification of the poited-tailed wasps, or the superfamily 
Proctotrypoidea. <Journ. N. Y. Ent. Soc., 1902, pp. 240-247; 
1903, pp. 28-35, 86-99. 


Classification of the gall-wasps and the parasitic Cynipoids, or 
the superfamily Cynipoidea. <Psyche, 1903, pp. 7-138, 59-78, 
140-155, 210-216. 


Classification of the chalcid flies, or the superfamily Chalci- 
doidea. <Mem. Carnegie Mus., 1, No. 4, pp. 531, pls. 9, 1904. 


III.— MONOGRAPHS AND SYNOPSES. 
TENTHREDINIDZT AND UROCERIDZE. 


Norton, E.—Catalogue of the described Tenthredinide and Uro- 
ceride of North America. <Trans. Amer. Ent. Soc., 1, pp. 
ees 84, 193-280, 1867; 1, pp. 211-242, 321-367, 1868-1869. 


Gives synoptic tables of genera and species of both families; the Uro- 
ceridz are treated in Vol. II, pp. 349-3867. 


Cresson, E. T.—Catalogue of the Tenthredinide and Uroceride of 
North America. <Trans. Amer. Ent. Soc., vim1, pp. 53-68, 1880. 
A synonymical reference list of the species; the Uroceride are treated 
on pp. 66-67. 
Cameron, P.—Monograph of the British Phytophagous Hymenop- 
tera. 2 vols. London, 1882-1885. 


Contains an arrangement of the subfamilies and genera of Tenthre- 
dinidze, which has been reproduced by Cresson in his general work 
of classification. : 


Konow, W. F.—F am. Tenthredinide. <Gen. Ins., Fasc. 29, pp. 176, 
pls. 3, 1905. 

Fam. Siricide. <Gen. Ins., Fase. 28, pp. 14, pl. 1, 1905. 

Fam. Lydide. <Gen. Ins., Fasc. 27, pp. 27, pl. 1, 1905. 
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MacGuiuurvray, A. D.—A study of the wings of the Tenthredinoidea, 
a superfamily of Hymenoptera. <Proc. U. 8. Nat. Mus., xxrx, 
pp. 569-654, pls. 24, 1906. 


Table to the subfamilies. 


Maruarrt, C. L.—Revision of the Nematine of North America, a sub- 
family of leaf-feeding Hymenoptera of the family Tenthredin- 
ide, <Tech. ser. 3, Div. Ent., U.S. Dept. Agr., pp. 135, 1896. 


MacGuituiivray, A. D.—New species of Tenthredinide, with table of 
species of Strongylogaster and Monoctenus. <Can. Ent., 1894, 
pp. 324-328. 
The American species of Priophorus. <Can. Ent., 1906, pp. 
305-307. 
New species of Tenthredo. <Journ. N. Y. Ent. Soce., 1897, 
pp. 103-108. 
Table of part of genus. 
———— The American species of Perineura. <Can. Ent., 1895, 
pp. 7-8. 
A new genus and some new species of Tenthredinidee. <Can. 
Ent., 1909, pp. 345-362. 
Table of Caliroa. 
Harrineton, W. H.—Canadian Hymenoptera, No. 4. <Can. Ent., 
1894, pp. 193-196. 


Table of Monophadnus and part of Tenthredo. 


Rouwer, S. A.—The sawfly genus Cryptocampus in Boreal North 
America. <Journ. N. Y. Ent. Soc., 1909, pp. 7-25. 


Dyar, H. G.—The larve of the North American sawflies. <Can. 
Ent., 1895, pp. 337-3844. 


On the larve of certain Nematine and Blennocampine, with 
description of new species. <Journ. N. Y. Ent. Soc., 1898, 
pp. 121-138. 

Tables to Periclista, Isodyctium, the larve of Blennocampine, and 

Ashmead’s table to genera of Blennocampine. 


Braptey, C. J.—The North American Orysside. <Trans. Amer. 
Ent. Soc., xxvii, pp. 317-318, 1901. 


CYNIPIDZE. 


Osten Sacken, C. R.—On the Cynipide of the North American oaks 
and their galls. <Proc. Ent. Soc. Phila., 1, pp. 47-72, 1861— 
1863; additions and corrections, |. ¢., pp. 241-259. 


HYMENOPTERA. v3} 


OstEN: Sacken, C. R.—Contributions to the natural history of the 
Cynipide of the United States. <Proc. Ent. Soc. Phila., 1, pp. 
338-49, 1863-1864; Iv, pp. 381-380, 1865; Trans. Amer. Ent. Soc., 
1, pp. 54-64, 1870-1871. 

Continuation of the foregoing paper, both containing valuable contribu- 
tions to the classification of genera and species. 

Wazsu, B. D.—On dimorphism in the Hymenopterous genus Cynips; 
with an appendix, containing hints for a new classification of 
Cynipide, including descriptions of several new species inhabit- 
ing the oak galls of Illinois. <Proc. Ent. Soc. Phila., m, pp. 
443-500, 1863-1864. 

Mayr, G.—Die Genera der gallenbewohnenden Cynipiden. <20ter 
Jahresbericht der Communal-Oberrealschule im I. Bezirk. Wein, 
1881. 


Asumeab, W. H.—A bibliographical and synonymical catalogue of 
the North American Cynipide, with description of new species. 
<Trans. Amer. Ent. Soc., xm, pp. 291-304, 1885. 


Synopsis of the North American subfamilies and genera of 
Cynipide. <Trans. Amer. Ent. Soc., xim, pp. 59-64, 1886. 


von Datxa Torre, K. W., et Kierrer, J. J—Fam. Cynipide. <Gen. 
Ins., Fasc. 9 & 10, pp. 84, pls. 3, 1902. 


Asumerap, W. H.—On the cynipidous galls of Florida, with deserip- 
tions of new species and synopses of the described species of 
North America. <Trans. Amer. Ent. Soc., xiv, pp. 125-158, 
1887. 


Guerre, C. P—A monograph of the genus Synergus. <Trans. 
Amer. Ent. Soc., xx11, pp. 85-100, 1896. 

BruTenMUtiter, W.—The North American species of Rhodites and 
their galls. <Bul. Amer. Mus. Nat. Hist., xxm1, pp. 629-651, 
1907. 

The species of Holcaspis and their galls. <Bul. Amer. Mus. 
Nat. Hist., xxvi, pp. 29-45, 1909. 

The species of Amphibolips and their galls. <Bul. Amer. 
Mus. Nat. Hist., xxvr, pp. 47-66, 1909. 

The North American species of Diastrophus and their galls. 
<Bul. Amer. Mus. Nat. Hist., xxvi, pp. 1385-145, 1909. 

The species of Biorhiza, Philonix, and allied genera and their 
galls. <Bul. Amer. Mus. Nat. Hist., xxv, pp. 2438-256, 1909. 

Some North American Cynipide and their galls. <Bul. 
Amer. Mus. Nat. Hist., xxvi, pp. 277-281, 1909. 


Treats of EHumayria, Belonocnema, Solenozopheria, and Compsodryce- 
nus, 
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EVANIIDA. 


Scuterrerer, A.— Die Hymenopteren-Gruppe der Evaniiden. <Ann. 
k. k. Naturh. Hofmuseums, Wien, tv, pp. 107-180, 289-338, 373- 
546, 1889. 

Kierrer, J. J.—Fam. Evaniide. <Gen. Ins., Fase. 2, pp. 13, pl. 1, 
1902. 

Braptey, C. J.—The Evaniide of America, north of Mexico. 
<Trans. Amer. Ent. Soe., xxvii, pp. 319-330, pl. 1, 1901. 

Treats only of the Aulacine. 

The Evaniide, ensign-flies; an archaic family of Hymenop- 
tera. <Trans. Amer. Ent. Soc., xxxtv, pp. 101-194, pls. 11, 
1908. 

ICHNEUMONIDZ. 


Foerster, A.—Synopsis der Familien und Gattungen der Ichneumo- 
nen. <Verh. naturh. Ver. preuss. Rheinl. u. Westphal., xxv, 
pp. 1385-221, 1868. Aachen. 


BerrHoumiru, V.—Subfam. Ichneumonine. <Gen. Ins., Fase. 18, 
pp. 87, pls. 2, 1904. 


Szepticet1, V.—Fam. Ichneumonide. Gruppe Ophionine. <Gen. 
Ins., Fasc. 34, pp. 71, pls. 2, 1905. 

ScumrepeKNecut, O.—Subfam. Pimpline. <Gen. Ins., Fasc. 62, 
pp. 120, pls. 2, 1907; Subfam. Cryptine. <Gen. Ins., Fase. 75, 
pp. 165, pls. 4, 1908. 


Norton, E.—Catalogue of our species of Ophion, Anomalon, Panis- 
cus, and Campoplex. <Proc. Ent. Soc. Phila., 1, pp. 357-368, 
1863. 

Synoptic arrangement of the North American genera and species of 
the subfamily Ophionin. 


Cresson, E. T.—Descriptions of North American Hymenoptera in 
the collection of the Entomological Society of Philadelphia. 
<Proc. Ent. Soc. Phila., m1, pp. 131-196, 1864. 

Consists chiefly of a synopsis of the North American species of the 
genus Ichneumon. 
A list of the Ichneumonide of North America, with descrip- 
tions of new species. <Trans. Amer. Ent. Soc., 1, pp. 289-312, 
1867; 11, pp. 89-114, 1868-1869. 

Descriptions of new species belonging to the subfamily Pim- 

plarie found in America, north of Mexico. <Trans. Amer. 

Ent. Soc., m1, pp. 148-172, 1870-1871. 


Tabulates the genera Pimpla, Polysphincta, Glypta, Arenetra, Lam- 
pronota, Xylonomus, and Odontomerus, with a list of all species. 
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Cresson, E. T.—Notes on the species belonging to the subfamily 
Ichneumonides found in America, north of Mexico. <Trans. 
Amer. Ent. Soc., v1, pp. 129-212, 1877. 


A synopsis of the genera and species of the subfamily Ichneumonine. 
Davis, G. C.—A review of the Ichneumonid subfamily Tryphonine. 
<Trans. Amer. Ent. Soc., xx1v, pp. 193-848, 1897. 
A monograph of the tribe Bassini. <Trans. Amer. Ent. Soc., 
Xx, pp. 17-30, 1895. 
Two new species of Clistopyga. <Ent. News, 1895, pp. 
198-199. 
Contains table of species. 
AsumeEapD, W. H.—Descriptions of new Ichneumonide in the collec- 
tion of the U. S. National Museum. <Proc. U. S. Nat. Mus., 
x1, pp. 887-451, 1900. 


Tables of Eristicus, Cryptus, Hemiteles, Orthopelma, and Limneria. 


Feit, E. P.—Synopsis of certain genera of the Ophionini. <19th 
Rep. N. Y. State Ent., Bul. 76, N. Y. State Mus., pp. 97-125, pls. 
2, 1904, 

Braptey, C. J.—The genus Platylabus Wesmael. <Can. Ent., 1903, 
pp. 275-288. 

Bruges, C. T.—Descriptions of new ant-like and myrmecophilous 
Hymenoptera. <Trans. Amer. Ent. Soc., xxix, pp. 119-128, 
pli. 1903. 

Table of Pezomachus. 

Davis, G. C.—A study of the genus Meniscus. <Can. Ent., 1894, 
pp. 321-824. 

Harrineton, W. H.—Two new species of Canadian Pimpline. 
<Can. Ent., 1891, pp. 182-134. 

Tables to Xorides and Xylonomus. 

Canadian Hymenoptera No. 2. <Can. Ent., 1898, pp. 29-32. 

Synopsis of Coleocentrus and Ecthrus. 

Herrzoc, P. H.—A new Evceros. <Ent. News, 1909, pp. 245-246. 


SCHMIEDEKNECHT, O.—Opuscula Ichneumonologia. Blankenburg im 
Thiiringen. 


Very useful in classification ; 22 fascicles now issued. 
STEPHANIDZ. 


Krerrrr, J. J—Fam. Stephanide. <Gen. Ins., Fase. 77, pp. 10, pl. 1., 
1909. 


BRACONIDZ. 


Cresson, E. T.—List of the North American species of the genus 
Aleiodes, Wesmael. <Trans. Amer. Ent. Soc., 1, pp. 377-382, 
1868-1869. 
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Ruizy, C. V.—On North American Microgasters, with descriptions of 
new species. <Trans. St. Louis Acad. Sei., 1v, No. 2, 1881. 
Marsuati, T. A.—Monograph of the British Braconide. Part’ L. 

<Trans. Ent. Soc. London, 1885, pp. 1-280, pls. 1-1v. 
Marshall’s classification is that reproduced by Cresson in his Synopsis. 
Asumerap, W. H.—Synopsis of the Hormiine of North America. 
<Trans. Amer. Ent. Soc., xx, pp. 39-44, 1893. 
Forrster, A.—Synopsis der Familien und Gattungen der Braconen. 
< Verh. naturh. Ver. preuss. Rheinl. u. Westphal., xrx, Aachen., 
pp. 225-288, 1862. 
SzEpLiceTI, V.rcFam. Braconide. <Gen. Ins., Fasc. 22, a & b, pp. 
253, pls. 3, 1904. 
Asumeap, W. H.—Descriptions of new Braconids bred by Prof. A. D. 
Hopkins. <Can. Ent., 1893, pp. 67-79. 
Tables of species of Spathius and Cznophanes. 
Descriptions of new Braconidee in the collection of the U. S. 
National Museum. <Proc. U. S. Nat. Mus., x, pp. 611-671, 
1888. 


Tables of Aphidius and Lysiphlebus. 


Brurs, C. T.—North American species of Aphereta. <12th Rep. 
Ent. Minn., 1908, p. 196. 


TRIGONALIDA, 


Scuuuz, A.—F am. Trigonalide. <Gen. Ins., Fasc. 61, pp. 24, pls. 3, 
1907. 


See also paper by Melander and Brues under Chrysidide. 
CHALCIDIDE. 


Forrster, A.—Synoptische Uebersicht der Familien und Gattungen 
in den beiden Gruppen der Chalcidiz Spin. und Proctotrupu 
Latr. <Jahresber. d. héheren Biirgerschule in Aachen, 1856. 

Cresson, E. T.—Synopsis of the North American species belonging 
to the genera Leucospis, Smicra, and Chalcis. <Trans. Amer. 
Ent. Soc., rv, pp. 29-60, 1872-1873. 

Howarp, L. O.—Descriptions of North American Chalcidide from - 
the collections of the U. S. Department of Agriculture and of 
Dr. C. V. Riley, with biological notes [first paper], together with 
a list of the described North American species of the family. 
<Bul. 5, Div. Ent., U. S. Dept. Agr., Washington, 1885. 

A generic synopsis of the Hymenopterous family Chalcidide. 
<Ent. Amer., 1, pp. 197-199, 215-219; 11, pp. 33-38, 1885-1886. 
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Howarp, L. O.—Revision of the Aphelinine of North America. 
<Tech. Ser. 1, Div. Ent., U. S. Dept. Agr., pp. 44, 1895. 
On the Bothriothoracine insects of the United States. < Proc. 
U.S. Nat. Mus., xvir, pp. 605-613, 1896. 
On some new parasitic insects of the subfamily Eneyrtine. 
<Proc. U.S. Nat. Mus., xx1, pp. 231-248, 1898. 
Revision of Aphycus. 


On the aphis-feeding species of Aphelinus. <Ent. News, 
1908, pp. 365-367. 

On some American phytophagic Eurytomine. <Tech. Ser. 
2, Div. Ent., U.S. Dept. Agr., 1896. 


A synopsis of Isosoma and allies. 


Asumeap, W. H.—A revised generic table of the Chaleidine. <Ent. 
Amer., 1888, pp. 87-88. 

Classification of the old family Chalcidide. <Proc. Ent. 

Soc. Wash., Iv, pp. 242-249, 1899. 

On the Chalcideous tribe Chiropachides. <Can. Ent., 1888, 

pp. 172-176. 


On the genera of the Cleonymide. <Proc. Ent. Soc. Wash., 
Iv, pp. 200-206, 1899. 

On the genera of the Eucharide. <Proc. Ent. Soc. Wash., 
Iv, pp. 285-242, 1899. 

A revised generic table of the Eurytomine, with descriptions 
of new species. <Ent. Amer., 1888, pp. 41-43. 


On the genera of the Eupelmine. <Proc. Ent. Soc. Wash., 
Iv, pp. 4-20, 1896. 

A synopsis of the Spalangiine of North America. < Proc. 
Ent. Soc. Wash., 11, pp. 27-87, 1894. 

On the genera of the chalcid-flies belonging to the subfamily 
Encyrtine. <Proc. U. S. Nat. Mus., xx11, pp. 323-412, 1900. 


On the species of the genus Mirax found in North America. 
<Psyche, v1, pp. 377-379, 1893. 


Howarp, L. O.—New genera and species of Aphelinine, with a revised 
table of genera. <Tech. Ser. 12, Pt. rv, Bur. Ent., U. S. Dept. 
Agr., pp. 69-88, 1907. 

Girautt, A. A.—A monographic catalogue of the Mymarid genus 
Alaptus Haliday, with descriptions of three new North Ameri- 
can forms and of Alaptus icerye Riley from type material. 
<Ann. Ent. Soc. Amer., 1, pp. 179-195, 1908, 
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Girautr, A. A—A monographic catalogue of the Mymarid genus 
Comptoptera Foerster, with description of one new North Amer- 
ican form. <Ann. Ent. Soc. Amer., 11, pp. 22-29, 1909. 

Crawrorp, J. C—Some new Chalcidoidea. <Proc. Ent. Soc. Wash., 
Ix, pp. 157-160, 1908. 

Table of Cerambycobius and Catolaccus. 

New North American Hymenoptera. <Journ. N. Y. Ent. 
Soe., 1907, pp. 177-188. 

Table of genera of Monodontémerine. 


—— Notes on some Chalcidoidea. <Can. Ent., 1909, pp. 98-99. 


Table of genera of Metastenini. 
PROCTOTRYPIDZE. 


Howarp, L. O.—A generic synopsis of the Hymenopterous family 
Proctotrupide. <Trans. Amer. Ent. Soc., xu1, pp. 169-178, 
1886. 


Asumerap, W. H.—A monograph of the North American Proctotry- 
pide. <Bul.45,U.S. Nat. Mus., pp. 463, pls. 18, 1893. 


lurrrer, J. J—Fam. Bethylide. <Gen. Ins., Fasc. 76, pp. 50, pls. 3, 
1909. 

Brues, C.—Fam. Scelionide. <Gen. Ins., Fasc. 80, pp. 59, pls. 2, 
1909. 


Kirrrer, J. J—Fam. Dryinide. <Gen. Ins., Fasc. 54, pp. 33, pls. 2, 
1907. 


Bruges, C. T.—Notes and descriptions of North American Parasitic 
Hymenoptera. <Bul. Wisc. Nat. Hist. Soc., m1, pp. 183-188, 
1905; 1v, pp. 148-152, 1906; v, pp. 96-111, 1907; v, pp. 150-161, 
1907. 

Tables of Chelogynus, Ceraphron, Galesus, Epyris, Goniozus, Macro- 
teleia, and Sparaison. 


CHRYSIDIDE. 
Norton, E.—On the Chrysides of North America. <Trans. Amer. 


Ent. Soc., vi1, pp. 2338-242, 1878-1879. 
Gives tables of genera and species. 
Aaron, S. F.—The North American Chrysidide. <Trans. Amer. 
Ent. Soc., x11, 1885, pp. 209-248, Pls. vi—x. 


Mocsdry, A.—Monographia Chrysididarum orbis terrarum universi. 
Budapest, 1889, pp. 648. 
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Metanper, A. L., and Brurs, C. T.—New species of Gasteruption, 
Trigonalys, Parnopes, and Psammophila. < Biol. Bul., m1, pp. 
35-42, 1902. 


Table of Psammophila, Parnopes, and Trigonalys. 


Virreck, H. L.—The North American cuckoo wasps of the genus 
Parnopes. <Trans. Amer. Ent. Soc., xxx, pp. 245-250, 1904. 


FORMICID.E. 


Mayr, G. L.—Die Formiciden der Vereinigten Staaten von Nord- 
amerika. <Verh. k. k. zool.-bot. Ges. Wien, 1886, pp. 419-464. 


Emery, C.—Beitriige zur Kenntniss der nordamerikanischen Amei- 
senfauna. <Part I, Zool. Jahrb., Abth. f. Syst., vir, pp. 633- 
682, 1894. <Ibid., Part I, vim, pp. 257-360, 1895. 


Wueeter, W. M.—A revision of the North American ants of the 
genus Leptothorax Mayr. <Proc. Acad. Nat. Sci. Phila., 1903, 
pp. 215-260, pl. 1. 


The North American ants of the genus Stenamma. < Psyche, 
1903, pp. 164-168. 


The ants of Texas, New Mexico, and Arizona. <Bul. Amer. 
Mus. Nat. Hist., Pt. 1, xxiv, pp. 399-485, pls. 2, 1908. 


The American ants of the sub-genus Colobopsis. <Bul. Amer. 
Mus. Nat. Hist., xx, pp. 139-158, 1904. 


— An annotated list of the ants of New Jersey. <Bul. Amer. 
Mus. Nat. Hist., xx1, pp. 8371-408, 1905. 

An analytic key to the genera of the family Formicide for the 

identification of the workers. <Amer. Nat., xxxvi, pp. 707-725, 

1902. (Translated from Emery.) 


The North American ants of the genus Dolichoderus. <Bul. 
Amer. Mus. Nat. Hist., xx1, pp. 305-319, 1905. 


The North American ants of the genus Liometopum. < Bul. 
Amer. Mus. Nat. Hist., xx1, pp. 321-333, 1905. 


The fungus-growing ants of North America. <Bul. Amer. 
Mus. Nat. Hist., xxm1, pp. 669-808, pls. 5, 1907. 
revises our Attii. 
MUTILLIDE. 
Brake, C. A.—Synopsis of the Mutillide of North America. <Trans. 


Amer. Ent. Soc., 111, pp. 217-265, 1870-1871; Additions and Cor- 
rections, Iv, pp. 71-76, 1872-1873. 


Catalogue of the Mutillide of North America, with descrip- 
tions of new species. <Trans. Amer. Ent. Soc., vit, pp. 2438-254, 
1878-1879. 
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Buaxr, C. A.—Monograph of the Mutillide of North America. 
<Trans. Amer. Ent. Soc., xm, pp. 179-286, 1886. 


This monograph supersedes the synopsis by the same author. 
Fox, W. J.—The North American Mutillide. <Trans. Amer. Ent. 
Soc., xxv, pp. 219-292, 1898. 


Metanper, A. L.—Notes on North American Mutillide, with de- 
scriptions of new species. <Trans. Amer. Ent. Soc., xxix, pp. 
291-330, pl. 1, 1908. 


Anprk, E.—Fam. Mutillide. <Gen. Ins., Fasc. 11, pp. 77, pls. 3, 
1908. 


Virreck, H. L.—The species of Odontophotopsis. <Trans. Amer. 
Ent. Soc., xxx, pp. 81-92, 1904. 


SAPYGIDLE. 


Cresson, E, T.—|Synoptic table of the North American species of 
Sapyga.| <Trans. Amer. Ent. Soc., vii, pp. xx—xxi, 1880. 


SCOLIIDE. 


pp Saussure, H., and Sicuer, J.—Catalogus specierum generis Scolia. 
Geneva, pp. 352, pls. 2, 1864. 


POMPILID.E. 


Cresson, E. T.—Notes on the Pompilide of North America, with de- 
scriptions of new species. <Trans. Amer. Ent. Soc., 1, pp. 85- 
150, 1867. 


Fox, W. J.—The species of Pepsis inhabiting America, north of— 
Mexico. <Proc. Ent. Soc. Wash., 1v, pp. 140-148, 1897. 


The North American species of Ceropales. <Trans. Amer. 
Ent. Soc., xix, pp. 49-63, 1892. 


SPHEGID-E. 
Parron, W. H.—Some characters useful in the study of Sphecide. 
<Proc. Boston Soc. Nat. Hist., xx, pp. 378-385, 1880. 
Critical notes on genera and species. 
Kout, F. F.—Die Hymenopterengruppe der Spheginen. <<Ann. k. 
k. Naturh. Hofmuseums, Wien, v, pp. 77-194, 317-462, 1890. 


Frrnatp, H. T.—Notes on the North American species of Isodontia 
Patton, with descriptions of a new species and variety. <Can. 
Ent., 19038, pp. 209-271. 
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Fernatp, H. T.—The digger wasps of North America and the West 
Indies, belonging to the subfamily Chlorionine. <Proc. U. S. 
Nat. Mus., xxx1, pp. 291-423, pls. 5, 1906. 


Metanper, A. L.—Synopsis of North American species of Am- 
mophila. <Psyche, 1903, pp. 156-163. 


Smiru, H. S.—The Sphegoidea of Nebraska. <Univ. Studies, vor 
(4), pp. 88, pl. 1, 1908. 


Includes species of the other fossorial families. 


BEMBECID2. 


Pacxarp, A. S.—[See work cited under Larride. | 

Parron, W. H.—The American Bembecide: Tribe Stizini. < Bul. 
U.S. Geol. and Geog. Surv., v, No. 3, pp. 341-347, 1879. 

Fox, W. J.—Synopsis of the Stizini of Boreal America. <Proc. 
Acad. Nat. Sci. Phila., 1895, pp. 264-268. 

Synopsis of the Bembicini of Boreal America. <Proc. Acad. 

Nat. Sci. Phila., 1895, pp. 351-874. 

Hanpuirsci, A.—Monographie der mit Nysson und Bembex ver- 
wandten Grabwespen. 7 parts. <Sitzber. k. Akad. Wissensch., 
Wien, 1887-1893, pp. 150, pls. 23. 


LARRIDJE. 


Packarp, A. S.—Revision of the Fossorial Hymenoptera of North 
America. I. Crabronide and Nyssonide. <Proc. Ent. Soe. 
Phila., v1, pp. 89-114, 353-444, 1866. 

This work includes revisions of the following families: Larridz, Bem- 
becidz, Philanthide, Mimeside, Mellinidse, Pemphredonide, and 
Crabronidee. 

Parron, W. H.—List of North American Larride. <Proc. Boston 
Soc. Nat. Hist., xx, pp. 385-397, 1880. 

Table of genera; list of, and notes on, species. 

Fox, W. J—Monograph of the North American species of Tachytes. 
=< frans. Amer. Ent. Soc., x1x, 1892, pp. 234-952, 

The North American Larride. <Proc. Acad. Nat. Sci. 

Phila., 1894, pp. 467-551. 
Synopsis of the North American species of Astatus, Latr. 
<Can. Ent., 1892, pp. 232-235. 

AsHmrap, W. H.—Two new genera of sand wasps. <Ent. News, 

1898, pp. 187-189. 


Table of Miscophinus. 
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Asumegap, W. H.—Three new species in the genus Diploplectron 
Fox. <Ent. News, 1899, pp. 55-56. 


Four new species belonging to the genus Plenoculus Fox. 
< Psyche, vir, pp. 337-339, 1899. | 


Rouwer, S. A.—New Hymenoptera from western United States. 
<Trans. Amer. Ent. Soc., xxxv, pp. 99-136, 1909. 


Tables of Niteliopsis and Diploplectron. 
NYSSONID/E. 


Packarp, A. S8.—[See work cited under Larride. | 


Cresson, KE. T.—Descriptions of the species belonging to the genus 
Nysson, inhabiting North America. <Trans. Amer. Ent. Soc., 
Ix, pp. 273-284, 1881-1882. 
Hanpuirscn, A.—|See work cited under Bembecide. | 
Fox, W. J.—Synopsis of the species of Nysson inhabiting America, 
north of Mexico. <Journ. N. Y. Ent. Soc., 1896, pp. 10-16. 
Synopsis of the North American Gorytes. <Proc. Acad. Nat. 
Sei. Phila., 1895, pp. 517-539. 
[See work cited under Mellinide. | 


PHILANTHIDAE. 


Cresson, E. T.—Monograph of the Philanthide of North America. 
< Proc. Ent. Soc. Phila., v, pp. 85-132, 1865. 

Pacxarp, A. S.—[See work cited under Larride. | 

Patron, W. H.—Notes on the Philanthine. <Proc. Bost. Soc. Nat. 
Hist., xx, pp. 397-405, 1880. 

Cresson, E. T.—[ Table of the North American species of the genus 
Eucerceris.| <Trans. Amer. Ent. Soc., x, pp. v—vil, 1882-1883. 

Duwnnina, 8. N.—Monograph of the species of Aphilanthops inhabit- 
ing Boreal America. <Trans. Amer. Ent. Soc., xxv, pp. 19-26, 
1898. 


Viereck, H. L., and Cocxrretn, T. D. AA—The Philanthide of New 
Mexico. <Journ. N. Y. Ent. Soc., 1904, pp. 84-88, 129-146. 


Baxer, C. F.—Notes on Aphilanthops. <Can. Ent., 1895, pp. 335- 
336, 


MIMESIDE, 


Pacxarp, A. S.—[See work cited under Larride. |] 


Fox, W. J.—The species of Psen inhabiting America, north of 
Mexico. <Trans. Amer. Ent. Soc., xxv, pp. 1-18, 1898. 
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MELLINIDZ. 


Packarp, A. S.—[See work cited under Larride. | 


Fox, W. J.—Studies among the fossorial Hymenoptera. <Ent. 
News, 1894, pp. 86-89, 126-128, 201-203. 


Synopses of Alyson, Didineis, and Mellinus. 


PEMPHREDONID. 


Pacxarp, A. S.—[See work cited under Larride. | 


Fox, W. J.—The North American Pemphredonide. <Trans. Amer. 
Ent. Soc., x1x, pp. 307-326, 1892. 


CRABRONIDE. 


Pacxarp, A. S.—[See work cited under Larride. | 


Fox, W. J.—The Crabronine of Boreal America. <Trans. Amer. 
Ent. Soe., xx, pp. 129-226, 1895. 


On the species of Trypoxylon inhabiting America, north of 
Mexico. <Trans Amer. Ent. Soc., xvi, pp. 136-148, 1891. 


Baker, C. F.—Studies in Oxybelide. I. <Pomona Journ. Ent., 1, 
pp. 27-380, 1909. 
Table of Belomicrus. 


MASARID®. 
DE SaussurE, H.—Synopsis of American wasps. Solitary Wasps. 


<Smithsonian Miscellaneous Collections, 254. Washington, 1875. 


This work monographs the American Masaride and Eumenide. 


EUMENIDZ. 


pr Saussure, H.—[See work just cited under Masaride. | 


VESPIDZ. 


DE Saussure, H.—Etudes sur la famille des Vespides. Monographie 
des guépes sociales ou de la tribu des Vespiens. Paris, 1853. 
pp. 296. 


Bemerkungen tiber die Gattung Vespa, besonders tiber die 
amerikanischen Arten. <Stettiner Ent. Zeit., xvim, pp. 114- 
117, 1857. 


—_ Note sur les Polistes américains. <Ann. Soc. Ent. France, 
1857, pp. 309-314. 
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Lewis, H. W.—Vespine of the United States and Canada. <Trans. 
Amer. Ent. Soc., xxiv, pp. 169-192, 1897. 


von Datua Torre, K. W.—Fam. Vespide. <Gen. Ins., Fase. 19, pp- 
108, pls. 6, 1904. 


ANTHOPHILA (ANDRENIDE AND APIDZ). 


. 


Cresson, E. T.—A list of the North American species of the genus 
Anthophora, with descriptions of new species. <Trans. Amer.* 
Ent. Soc., 0, pp. 289-298, 1868-1869. 


Catalogue of North American Apide. <Trans. Amer. Ent. 
Soc., vil, pp. 215-232, 1878-1879. 


A synonymical reference list of the species. 


Parron, W. H.—Generic arrangement of the Bees allied to Melissodes 
and Anthophora. <Buj. U. 5S. Geol. and Geog. Surv., v, pp. 
471A79, 1879. 


Cresson, E. T.—On the North American species of the genus No- 
mada. <Proc. Ent. Soc. Phila., 11, pp. 280-312, 1863. 


On the North American species of several genera of Apide. 
<Proc. Ent. Soc. Phila., 1, pp. 873-411, 1864. 


List of the Nerth American species of Bombus and Apathus. 
<Proc. Ent. Soc. Phila., 11, pp. 83-116, 1863. 


On the North American species of the genus Osmia. <Proe. 
Ent. Soe. Phila., m1, pp. 17-48, 1864. 

Descriptions of new North American Hymenoptera in the 
collection of the American Entomological Society. Family 
Apide. <Trans. Amer. Ent: Soc., vim, pp. 61-136, 201-213 
1878-1879. 

Rosertson, C.— North American bees. Descriptions and synonyms. 
<Trans. Acad. Sci. St. Louis, vi, pp. 315-356, 1897. 

Synopsis of the North American species of the genus Oxy- 
belus. <Trans. Amer. Ent. Soc., xvi, pp. (7-85, 1889. 

Descriptions of new species of North American bees. <Trans. 
Amer. Ent. Soc., xvi, pp. 49-66, 1891. 

Table of local Andrena. 

Cocxere.t, T. D. A.—On some Panurgine and other bees. <Trans. 
Amer. Ent. Soc., xxv, pp. 185-198, 1898. 

Table of Calliopsis and Panurginus. 

Baker, C. F.—American bees related to Melecta. <Invert. Pacif., 
I, pp. 142-145, 1906. 


Table of Eriocrocis. 


HYMENOPTERA. 25 


Bruner, L.—Some notes on the bee genus Andrena. <Trans. Amer. 
Ent. Soe., xx1x, pp. 239-258, 1903. 
Table of species. 
CockrretL, T. D. A.—Didasia Patton; a genus of bees. < Amer. 
Nat., xxx1x, pp. 741-745, 1905. 
Synopsis of the North American bees of the genus Nomia. 
<Entomologist, 1898, pp. 31-33. 
Synopsis of the North American bees of the genus Stelis. 
< Entomologist, 1898, pp. 166-169. 
The North American bees of the genus Prosapis. <Ento- 
mologist, 1898, pp. 185-192, 216-219, 236-239. 
On certain genera of bees. <Ann. Mag. Nat. Hist. (7), vn, 
pp. 47-50, 1901. 
Genera of Anthophorinz and Anthidiine. 
——=-The North American bees of the family Anthophoride. 
<Trans. Amer. Ent. Soc., xxxu, pp. 63-116, 1906. 


-—_—— Tables for the separation of some bees of the genera Cochoxys 
and Colletes. < Psyche, 1905, pp. 85-90. 


North American bees of the genus Nomada. <Proc. Acad. 
Nat. Sci. Phila., 1903, pp. 580-614. 


Crawrorp, J. C.—Notes on some species of the genus Halictus. 
<Journ. N. Y. Ent. Soc., 1907, pp. 183-189. 


——— The bee genus Dialictus. <Can. Ent., 1902, p. 318. 


Fox, W. J.—Synopsis of the North American species of Megacilissa. 
< Psyche, vi, pp. 421-422, 1893. 


Synopsis of the North American species of Nomia. <Ent. 
News, 1893, pp. 184-1385. 


Synopsis of the North American species of Melecta. <Ent. 
News, 1893, pp? 143-144. 


Lithurgopsis, a new genus of bees. <Ent. News, 1902, p. 137. 


Smitru, H. S.—Contributions toward a monograph of the Ceratinidze 
$) bao) 
of North and Middle America. <Trans. Amer. Ent. Soc., xxx111, 
pp- 115-124, pl. 1, 1907. 
Swenk. M. H.—Specific characters in the bee-genus Colletes. < Univ. 
9 ta) 
Nebr. Studies. Contrib. Dept. Ent., pp. 43-102, pls. 3, 1908. 
Synopsis of part of genus. 
Virreckx. H. L.—Bombomelecta. <Trans Amer. Ent. Soc., xxx. 
b) 
pp. 179-182, 1903. 
——— Andrene of the Canadian, Alleghanian, and Carolinian plant 


zones, occurring or likely to occur in Connecticut. <Ent. News, 
1907, pp. 280-288. 
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Lovett, J. H.—The Bumblebees of Southern Maine. <Ent. News, 
1907, pp. 195-200. _ 

The Colletide of Southern Maine. <Can. Ent., 1907, pp. 

363-365. 

and Cockerre.L, T. D. A.—The Bees of Maine. Sphecodide. 

< Psyche, 1907, pp. 101-110. 

List of American species. 

The Megachilide of Southern Maine. <Psyche, 1907, pp. 

15-21. 

The Halictidee of Southern Maine. < Psyche, 1908, pp. 32-40. 

The Nomadine and Epeoline bees of Southern Maine. 
< Psyche, 1905, pp. 39-42. . 

Rosertson, C.—Synopsis of Anthophila. <Can. Ent., 1904, pp. 
37-4. 


This and the following papers by Mr, Robertson treat of the Illinois 
bees. 


Synopsis of Sphecodine. <Ent. News, 1903, pp. 103-107. 


Synopsis of Euceride, Emphoride, and Anthophoride. 
<Trans. Amer. Ent. Soc., xxx1, pp. 865-372, 1905. 


Synopsis of Epeoline. <Can. Ent., 1903, pp. 284-288. 


Synopsis of Prosopis and Colletes, with supplementary notes 
and descriptions. <Can. Ent., 1904, pp. 273-278. . 


Synopsis of Nomadine. <Can. Ent., 1903, pp. 172-179. 
-——— Synopsis of Halictine. <Can. Ent., 1902, pp. 243-250. 


Synopsis of the Andrenine. <Trans. Amer. Ent. Soc., xxvm1, 

pp. 187-195, 1902. 

Synopsis of Megachilide and Bombine. <Trans. Amer. Ent. 
Soc., xx1x, pp. 163-178, 1903. 

Brues, C. T.—Studies of Texan Bees. <Ent. News, 1903, pp. 79-85. 


Tables of Texan Epeolus and Ceelioxys. 
Swenk, M. H., and Cocxrretn, T. D. A.—The bees of Nebraska. 
<Ent. News, 1907, pp. 51-58, 178-187, 293-300. 
CockrreLL, T. D. A.—The bees of Florissant, Colorado. <Bul. 
Amer. Mus. Nat. Hist., xxir, pp. 419-455, 1906. 


Table of genera near Heriades. 


The bees of the genus Nomada found in Colorado. <Bul. 94, 
Colo. Agr. Exp. Sta., pp. 69-85, 1904. 


Trrus, E. S. G.—Colorado Bombide. <Can. Ent., 1902, pp. 37-44. 


DIPTERA. DAT 


CocKERELL, T. D. A.—Tables for the determination of New Mexico 
bees. <Bul. Sci. Lab. Denison Univ., x1, pp. 41-73, 1898. 


The bees of southern California. <Bul. So. Cal. Acad. Sci., 
Iv, pp. 99-106, 1905. 

The bees of the genus Nomada from California. <Proe. 
Acad. Nat. Sci. Phila., 1903, pp. 559-579. 


F owLeER, C.—California bees of the genus Nomada. <Ent. News, 
1899, pp. 157-162. 

-——— The Synhalonia of California. <Can. Ent., 1899, pp. 137-138. 

Some California bees. <Psyche, vii, pp. 405-407, 1899. 

Table of Calliopsis. 

The Habropoda and Didasia of California. <Can. Ent., 1899, 

pp. 283-286. 

The long-tongued bees (Apide) of California. <Rep. Cal. 
Agr. Exp. Sta., 1898-1901, Pt. 1; pp. 316-330, 1902. 

Virreck, H. L., Cockrrein, T. D. A., Trrus, E. S. G., CrawForp, J. C., 
Swenk, M. H.—Synopsis of the bees of Oregon, Washington, 
British Columbia, and Vancouver. <Can. Ent., 1904, pp. 93- 
100, 157-161, 189-196, 221-932; 1905, pp. 277-287, 313-321; 1906, 
pp. 297-304. 


DIPTERA. 
I.—CATALOGUES. 


Osten Sacken, C. R.—Catalogue of the described Diptera of North 
America. [Second edition.| Washington, Smithsonian Institu- 
tion, 1878. <Smiths. Mise. Coll., 270. 


ApricH, J. M.—A catalogue of North American Diptera. <Smiths. 
Misc. Coll., xnvr (No. 1444), pp. 680, 1905; Additions, Journ. 
N. Y. Ent. Soc., 1907, pp. 2-9. 


Kertesz, K.—Catalogus Dipterorum husque Descriptorum. Leipzig, 
I, Sciaride to Rhyphide, pp. 341, 1902. II, Cecidomyiide to 
Cylindrotomide, pp. 357, 1902. III, Stratiomyiide, Xylo- 
phagide, Tabanide, Leptide, pp. 367, 1908. IV, Oncodide, 
Mydaide, Nemestrinide, Apioceride, Asilide, pp. 348, 1909. 
V, Bombyliide, Scenopinide, Therevide, pp. 199, 1909. 


II.—GEHENERAL WORKS ON CLASSIFICATION. 


Wiuiston, S. W.—Manual of North American Diptera. 38rd edi- 
tion, New Haven, Conn., 1908, pp. 405, many figures. 


Bibliography of North American Dipterology. 1878-1895. 
<Kans. Univ. Quart., 1v, pp. 129-144, 1896. 


A list of articles since Osten Sacken’s catalogue. 
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Mercen, F. W.—Systematische Beschreibung der bekannten euro- 
piischen zweifliigeligen Insecten. 7 vols. Aachen und Hamm, 
1818-1838. 


Although dealing only with the European fauna and now antiquated 
and superseded in many parts, this work is still the foundation of 
the modern classification of Diptera. 


Wiepemann, C. R. W.—Aussereuropiische zweifliigelige Insecten. 
2 vols. Hamm, 1828-1830, with plates. 
A continuation of Meigen’s work, and containing descriptions of many 
genera and species belonging to the North American fauna, 


Macquart, J.—Diptéres exotiques nouveaux ou peu connus. 2 vols. 
in 5 parts and 5 supplements. Paris, 1838-1855. <Extr. Mém. 
Soe. Sci. Arts, Lille. 

Contains descriptions of many North American genera and species. 


Scuiner, J. R.—Fauna Austriaca. Die Fliegen (Diptera). Nach der 
analytischen Methode bearbeitet, mit der Characteristik simmt- 
licher europiischer Gattungen, der Beschreibung aller in Deutsch- 
land vorkommenden Arten und der Aufzihlung aller bisher be- 
schriebenen europiischen Arten. 2 vols. Wien, 1862-1864. 

Although dealing with the European fauna, this work is very useful on 
account of the analytical tables of families and genera. 


Loew, H., and Osten Sacxen, C. R.—Monographs of the Diptera of 
North America. 4 parts. Washington, Smithsonian Institu- 
tion, 1862-1872. <Smiths. Mise. Coll. 

The several monographs will be found under the respective families. 


Loew, H.—Diptera. Americe septentrionalis indigena. 2 parts. 
Berlin, 1861-1872. (Originally published in 10 centuriz in the 
Berliner Entomologische Zeitschrift.) 

Descriptions of 1,000 North American Diptera, but without synoptie 
arrangement. 


OstEN Sackxen, C. R.—Western Diptera: Descriptions of new gen- 
era and species of Diptera from the region west of the Missis- 
sipp!, and especially from California. <Bul. U. S. Geol. and 
Geog. Surv., 11, pp. 189-354, 1877. 


Braver, Fr.—Die Zweifliigler des kaiserlichen Museums zu Wien. 
Parts I-III. Wien, 1880-1883. 


Contributions to the classification of the Diptera. 


Townsenp, C. H. T.—The North American genera of Nemocerous 
Diptera. <Trans. Amer. Ent. Soc., x1x, pp. 144-160, 1892. 


Warton, W. R.—An illustrated glossary of cheetotaxy and anatomi- 
cal terms used in describing Diptera. <Ent. News, 1909, pp. 
307-319, pls. 2. 


DIPTERA. 29 
I1I.—MONOGRAPHS AND SYNOPSES. 
CECIDOMYIIDE. 


Winnertz, J.—Beitrag zu einer Monographie der Gallmiicken. 
y) S 5S 
<Iinnea Entomologica, vi, pls. 4, 1853. 

OsteEN Sacken, C. R.—On the North American Cecidomyide. 
<Monographs of the Diptera of North America, by H. Loew 
and C. R. Osten Sacken, Pt. I, pp. 173-205, 1862. 

Watsu, B. D.—On the insects, Coleopterous, Hymenopterous, and. 

: i : ] ’ 
Dipterous, inhabiting the galls of certain species of willow. 
Diptera. <Proc. Ent. Soc. Phila., m1, pp. 543-644, 1864; v1, 
pp. 223-229, 1866. 

von BercenstamM, J., and Lorw, P.—Synopsis Cecidomyidarum. 
<Verh. k. k. zool.-bot. Ges. Wien, xxv1, pp. 1-104, 1876. 

A synopsis of all the literature of the family. 

Frnt, E. P—Studies in Cecidomyiide. II. <Bul. 124, N. Y. State 
y) . ? 

Mus., pp. 307-422, pls. 12, 1908. 


MYCETOPHILID®. 
Winnertz, J.—Beitrag zu einer Monographie der Pilzmiicken. 
<Verh. k. k. zool.-bot. Ges. Wien, 1863, pp. 637-694. 
Useful for determination of genera; no American species are described. 


Beitrag zu einer Monographie der Sciarinen. Wien, 1867, pp. 
187. 
CULICIDA. 


Coquittett, D. W.—Synoptic tables of the North America mosqui- 
toes: << (Cir 40, 2c ser:, Div. Ent., U.S. Dept. Agr., .1900; 
- pp. 4-7. 
A classification of the mosquitoes of North and Middle Amer- 
ici checueoer: lie Bur. Bint. U.S. Dept. Agr, pp. 31, 1906: 


Dyar, H. G., and Knap, F.—The species of mosquitoes in the genus 
Megarhinus. <Smiths. Misc. Coll., Quart. issue, xvi, pp. 241- 
258, 1906. 

The larve of Culicide classified as independent organisms. 
<Journ. N. Y. Ent. Soc., 1906, pp. 169-230, pls. 18. 


On the classification of the mosquitoes. <Can. Ent., 1907, 
pp. 47-50. 

Dyar, H. G.—Illustrations of the abdominal appendages of certain 
mosquitoes. <Journ. N. Y. Ent. Soc., 1905, pp. 185-188. 


Table of species of Grabhamia. 
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Dyar, H. G.—A synoptic table of North American mosquito larve. 
<Journ. N. Y. Ent. Soc., 1905, pp. 22-26. 


Key to the known larve of the mosquitoes of the United 
States. <Cir. 72, Bur. Ent., U. S. Dept. Agr., pp. 6, 1906. 
Howarp, L. O.—Mosquitoes: How they live; how they carry disease; 

how they are classified; how they may be destroyed. New York, 
pp. 241, figs. 50, 1901. , 
Notes on the mosquitoes of the United States. <Bul. 25 
(n..s.), Div. Ent:, US; Dept. Aer pp: 10hes. 22,1900: 
Mircueti, E. G.—Mosquito life. New York, 1907, pp. 281, pls. 8, 


figs. 54. 


Smiru, J. B.—Report of the New Jersey State Agricultural Experi- 
ment Station upon the mosquitoes occurring within the State. 
their habits, life-history, etc. Trenton, 1904, pp. 482, figs. 133. 


TuHeosarp, F. V.—A monograph of the Culicide or mosquitoes. 
< British Museum, 4 vols. and plates. I, 1901; II, 1901; III, 
L903 ser Ve 10 G: 


Fam. Culicide. <Gen. Ins., Fase. 26, pp. 50, pls. 2, 1905. 


CHIRONO MIDE. 


Kierrer, J. J—Fam. Chironomide. <Gen. Ins., Fase. 42, pp. 78, 
pls. 4, 1906. 


JOHANNSEN, O. A.—Aquatic Nematocerous Diptera. II, Chironom- 
ide. <Bul. 86, N. Y. State Mus., pp. 76-331, pls. 22, 1905. 


BLEPHAROCERID.E. 


Ketuoce, V. L.—The net-winged midges (Blepharoceridee) of North 
America. < Proc Cal. Acad. Sci., Zool. (3), 111, pp. 187-224, pls. 
5, 1903. 

Fam. Blepharoceride. <Gen. Ins., Fasc. 56, pp. 15, pls. 2, 

1907. 


SIMULIIDE. 


CoquitterT, D. W.—The buffalo gnats or black flies of the United 
States. A synopsis of the Dipterous family Simulide. <Bul. 
10, n. s., Div. Ent., U. S. Dept. Agr., pp. 66-69, 1898: 


JoHANNSEN, O. A.—Aquatic Nematocerous Diptera. <Bul. 68, 
N. Y. State Mus., pp. 328-448, pls. 19, 1903. 


Revision of Simuliide. 


DIPTERA. ob 
PSYCHODIDZ. 


Banks, N.—Some Psychodide from Long Island, N. Y. <Can. 
Ent., 1894, pp. 329-333. 


Kincaiw, T.—The Psychodide of the Pacific coast. <Ent. News, 
1899, pp. 30-37. 
Banxs, N.—The eastern species of Psychodidae. <Can. Ent., 1901, 
Pnpp< 213-215, 
Haseman, L.—A monograph of the North American Psychodide. 
<Trans. Amer. Ent. Soc., xxx, pp. 299-333, pls. 4, 1907. 


TIPULIDZ. 


Osten Sacken, C. R.—New genera and species of North American 
Tipulide with short palpi, with an attempt at a new classifica- 
tion of the tribe. 2 pls. <Proc. Acad. Nat. Sci. Phila., 1859, 
pp. 197-256. - 

On the North American Tipulide (part first). <Mono- 

graphs of the Diptera of North America, Part IV, 1869. 


A monograph of the North American Tipulidse brevipalpi and the sec- 
tions Cylindrotomina and Ptychopterina. 


Studies on Tipulide. Part I, Tipulide longipalpi. <Berl. 
Ent. Zeitschr., 1886, pp. 153-188. Part II, Tipulide brevipalpi. 
< Ibid, 1887, pp. 183-249, 


Lorw, H.—Table for determining the North American species of the 
genus Pachyrrhina. <Verh. k. k. zool.-bot. Ges. Wien, 1879, pp. 
513-516. 


Nerrepuam, J. G.—Crane flies. <Bul. 124, N. Y. State Mus., pp. 199- 
248, pls. 21, 1908. 

Jounson, C. W.—Synopsis of the Tipulid genus Bittacomorpha. 
<Psyche, 1905, pp. 75-76. 


New and little-known Tipulide. <Proc. Bost. Soc. Nat. 
Hist., xxxiv, pp. 115-133, 1908. 


Table of Oropeza. 


Doanz, R. W.—Notes on the Tipulid genus Dicranomyia. <Ent. 
News, 1908, pp. 5-9. 


New species of the Tipulid genus Rhypholophus, with a table 
for determining the North American species. <Ent. News, 
1908, pp. 200-202. 


New North American Pachyrhina, with a table for determin- 
ing the species. <Ent. News, 1908, pp. 173-179. 
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STRATIOMYIIDZE. 


Wiustron, 8. W.—On the classification of North American Diptera. 
(Third paper.) <Ent. Amer., 1, pp. 114-116, 152-155, 1885. 


Tables of the subfamilies and genera of the family. 


Day, L. T.—The species of Odontomyia found in the United States. 
<Proe. Acad. Nat. Sci. Phila., 1882, pp. 74-88. 
Jounson, C. W.—A review of the Stratiomyia and Odontomyia of 


North America. <Trans. Amer. Ent. Soc., xxm, pp. 227-278, 
1895: 


Metanper, A. L.—Notes on North American Stratiomyide. <Can. 
Ent., 1904, pp. 14-24, 53-54. 


Tables to species of nearly all the genera. 


———A review of the North American species of Nemotelus. 
< Psyche, 1903, pp. 171-183, pl. 1. 


SCENOPINID_E. 


Cresson, E. T., Jr—The North American species of the Dipterous 
family Scenopinide. <Trans. Amer. Ent. Soc., xxx, pp. 109- 
lel sea levels GO 


TABANIDZE. 


Kerrtsz, K.—Catalogus Tabanidarum orbis terrarum  universl. 
< Budapest, 1900, pp. 79. 


JSTEN SackeNn, C. R.—Prodrome of a monograph o e. Be ida 
Osten Sacxen, C. R.—Prod f nograph of the Tabanidee 
of the United States. <Mem. Bost. Soc. Nat. Hist., m, 1875- 
1878. 
Part I. The genera Pangonia, Chrysops, Silvius, Heematopota, Diabasis 
(pp. 865-897). Part II. The genus Tabanus, with an appendix and 
index (pp. 421479). Supplement (pp. 555-560). 
Witurston, S. W.—Notes and descriptions of North American Taba- 
nide. <Trans. Kans. Acad. Sci., x, pp. 129-142, 1888. 


Darcxr, E.—Annotated list of the species of Chrysops occurring in 
New Jersey, and descriptions of two new species. <Ent. News, 
1907, pp. 139-146, pl. 1. 


Hine, J. S.—Tabanidz of Ohio. <Ohio Acad. Sci., Special Papers, 
No. 5, pp. 63, pls. 2, 1903: 

— The North American species of Tabanus with a uniform mid- 
dorsal stripe. <Ohio Nat., vi, pp. 19-28, 1906. 


——— The Tabanide of the Western United States and Canada. 
<Ohio Nat., v, pp. 217-248, 1904. 


DIPTERA. 33 
LEPTIDZ. 


Wituiston, S. W.—On the classification of North American Diptera. 
(Second paper.) <Ent. Amer., 1, pp. 10-13, 1885. 
Table of the genera of North American Leptide. 


Coquittetr, D. W.—Synopsis of the Dipterous genus Symphoromyia. 
<Journ. N. Y. Ent. Soc., 1894, pp. 53-56. 


Avams, C. F'.—Notes and descriptions of North American Diptera. 

<Kans. Univ. Quart. (Bul. Univ. Kans.), 1v, pp. 488-455, 1904. 

Tables of Leptis, Chrysopila, Limosina, Xylephagus, Icterica, and 
Urellia. 


ASILIDZ. 


Osten Sacken, C. R.—Western Diptera, ete. <Bul. U. S. Geol. 
and Geog. Surv., 11, No. 2, 1877. 

Synoptical and analytical table of the Western species of Cyrtopogon, 
pp. 294-3809. 

Wituiston, S. W.—On the North American Asilide (Dasypogonine, 
Laphrine), with a new genus of Syrphide. <Trans. Amer. 
Ent. Soc., x1, pp. 1-35, pls. 2, 1883. 

Tabulates the genera of the subfamilies Dasypogonins and Laphrine, 
with enumeration of the species. 


— On the North American Asilidee (Part II). <Trans. Amer. 
Ent. Soc., xu, pp. 53-76, 1885. 
Tabulates the species of Laphria and revises the genera and species of 
the subfamily Asiline, excepting the genus Asilus. 
Snow, W. A.—List of Asilide supplementary to Osten Sacken’s cata- 
logue of North American Diptera. <Kans. Univ. Quart., 1v, pp. 
173-190, 1896. 
Coquititerr, D. W.—Synopsis of the Asilid genus Blacodes. <Can, 
Ent., 1893, pp. 33-34. 
—— Synopsis of the Asilid genus Anisopogon. <Can. Ent., 1893, 
pp. 20-22. 
——— Synopsis of the Asilid genus Dioctria. <Can. Ent., 1893, p. 
80. 


———A new Asilid genus related to Erax. <Can. Ent., 1893, 
pp. 175-176. 
Table to Efferia. 
Synopsis of the Asilid genera Mallophora and Nicocles. 
<Can. Ent., 1893, pp. 118-120. 
Synopsis of the Asilid genus Ospriocerus. <Ent. News, 
1898, p. 37. 
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Hine, J. S.—Robberflies of the genus Asilus. <Ann. Ent. Soc. 
Amer., 11, pp. 186-172, 1909. , 

—— Robber flies of the genus Philonicus. <Ohio Nat., vir, pp. 
115-118, 1907. 


Back, E. A.—The robber-flies of America north of Mexico, belonging 


to the subfamilies Leptogastrine and Dasypogonine. <Trans. 
Amer. Ent. Soe., xxxv, pp. 187-400, pls. 11, 1909. 


MIDAID-E. 


Wiuiston, S. W.—Notes and descriptions of Mydaide. <Trans. 
Kans. Acad. Sci., xv, pp. 58-58, 1898. 


THEREVID. 


Coquitterr, D. W.—Synopsis of the Dipterous genus Thereva. 
<Can. Ent., 1893, pp. 197-201. 
Synopsis of the Dipterous genus Psilocephala. Can. Ent. 
« Ss ] : 
1893, pp. 222-229. 


—— Revision of the Dipterous family Therevide. <Journ. N. Y. 
Ent. Soc., 1894, pp. 97-101. 


NEMESTRINIDZE. 


Wiurston, S. W.—The North American species of Nemestrinide. 
<Can. Ent., xv, pp. 69-72, 1883. 


Cocxerrety, T. D. A.—The Dipterous family Nemestrinide. <Trans. 
Amer. Ent. Soc:, xxxiv, pp. 247-253, pl. 1, 1908. 


BOMBYLIID.E. 


Osten Sacken, C. R.—Western Diptera, etc. <Bul. U.S. Geol. and 
Geog. Surv., m1, No.2, 1877. 
Analytical table of the North American genera of Bombyliide (p. 228) ; 
Tables of the species of Exoprosopa (p. 280); Anthrax (p. 288) ; 
Argyrameceba (p. 241); Bombylius (species from the Atlantic 
States) (p. 247); Ploas (California species) (p. 260) ; Toxophora 
(p. 265); Epibates (p. 268). 
Coquitterr, D. W.—Monograph of the Lomatina of North America. 
<Can. Ent., xvi, pp. 81-87, 1886. 
The Lomatina comprise the genera Eucessia, Leptochilus, Aphoebantus, 
and Oncodocera. 
——— The North American genera of Anthracina. <Can. Ent., 
XVIII, pp. 15/-159, 1886. 
A tabular arrangement of the genera composing the subfamily An- 
thracina, 
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Coquittert, D. W.—Monograph of the species belonging to the 
genus Anthrax from America, north of Mexico. <Trans. Amer. 
Ent. Soc., xv, pp. 159-182, 1887. 


Revision of the species of Anthrax from America, north of 
Mexico. <Trans. Amer. Ent. Soc., x1x, pp. 168-187, 1892. 


Notes and descriptions of North American Bombyliide. 
<Trans. Amer. Ent. Soc., xx1, pp. 89-112, 1894. 


Revision of the Bombylid genus Epacmus. <Can. Ent., 
ppno kl 1892; 

Revision of the Bombylid genus Aphcebantus. <West Amer. 
Scientist, 1891, pp. 254-264. 

Synopsis of the North American species of Lordotus. <Ent. 
Amer., 111, pp. 115-116, 1887. 


Jounson, C. W.—A review of the species of the genus Bombylius of 
the Eastern United States. <Psyche, 1907, pp. 95-100. 
Townsenp, C. H. T.—New and little known Diptera from the Organ 
Mountains and Vicinity in New Mexico. <Trans. Amer. Ent. 
Soc., xxv, pp. 159-164, 1901. 
Table of Systropus. 
ACROCERIDE. 


Metanper, A. L.—Notes on the Acroceride. <Ent. News, 1902, p. 
18. 

DOLICHOPODID-E. 

Lorw, H.—On the North American Dolichopodide. <Monographs 
of the Diptera of North America. Part IT, 1864. 

Axpricu, J. M.—A revision of the genera Dolichopus and Hygroce- 
leuthus. <Kans. Univ. Quart., 1, pp. 1-26, 1893. 

Wueerter, W. M.—New species of Dolichopodide from the United 
mtates. <Proe. Cal. Acad. Sci., 3 ser., 1, Zool. No. 1, pp. 1-77, 
PESoo: 

Tables’ for the species of fifteen genera. 

Avpricu, J. M.—A contribution to the study of North American 
Dolichopodide. <Trans. Amer. Ent. Soc., xxx, pp. 269-286, 
1904. 

Tables of Plastoneurus, Paraclius, Sarcionus, Psilopodinus, Agonosoma. 


The Dipterous genus Scellus, with one new species. <Ent. 
News, 1907, pp. 133-136. 


EMPIDID2®., 


Coquittert, D. W.—Revision of the North American Empide. 
<Proc. U. 8. Nat. Mus., xvi, pp. 387-440, 1896. 
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Coquitterr, D. W.—The genera of the Dipterous family Empidide, 
with notes and new species. <Proc. Ent. Soc. Wash., v, pp. 
945-979, 1903. 


Meuanper, A. L.—Monograph of the North American Empidide, 1. 
<Trans. Amer. Ent. Soc., xxv, pp. 187-367, pls. 5, 1902. 


PHORID.E. 


Aupricu, J. M.—New species of Phora. <Can. Ent., 1892, pp. 

149-146. 
Contains a table of species. 

YoquitLeTT, D. W.—Synopsis of the Dipterous genus Phora. <Can. 
Ent., 1895, pp. 103-110. 

Brurs, C. T.—A monograph of the North American Phoride. 
<Trans. Amer. Ent. Soc., xxrx, pp. 331-404, pls. 5, 1903. 

— Fam. Phoride. <Gen. Ins., Fasc. 44, pp. 21, pls. 2, 1906. 


SYRPHID. 
Wiuiston, S. W.—Synopsis of the North American Syrphide. 
<Bul. 31, U. S. Nat. Mus., 1886. 


Snow, W. A.—Supplementary lst of North American Syrphide. 
<Kans. Univ. Quart., 111, pp. 249-262, 1895. 

Hunter, W. D.—A summary of the members of the genus Chilosia 
Meig. in North America, with descriptions of new species. 
<Can. Ent., 1896, pp. 227-233. 

A new species of Tropidia (Syrphide) and note on the generic 
position of Melanostoma rufipes Will. <KEnt. News, 1896, pp. 
215-216. 

Table of Tropidia. 

PLATYPEZIDE. 


Snow, W. A.—American Platypezide. <Kans. Univ. Quart., 11, 
part I, pp. 143-152, 1894; part II, pp. 205-207, 1895. 


PIPUNCULIDZA. 


Hoven, G. pe N.—The Pipunculide of the United States. <Proc. 
Bost. Soc. Nat. Hist., XXIx, pp. 77-86, 1899. 

Kerrisz, K.—Catalogus Pipunculidarum usque ad finem anni 1900 
descriptorum. <Termes. Fiizetek, xxv, pp. 157-168, 1901. 


CONOPIDE. 


VWuuiston, S. W.—The North American species of Conops. <Trans. 
Conn. Acad.,-Iv, pp. 825-342, 1882. 
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Wituston, 8S. W.—North American Conopide: Stylogaster, Dal- 
mannia, Oncomyia. <Trans. Conn. Acad., v1, pp. 5-12, 1883. 
A revision of the three genera mentioned. 
Apams, C. I*.—Dipterological contributions. <Kans. Univ. Quart., 
Iv, pp. 19-47, 1903. 
Tables of Zodion, Myopa, Chlorops. 


CoquitteTr, D. W.—A new Dalmannia from California. < Ent. 
News, 1892, pp. 150-151. 


CESTRID A. 


Brauer, Fr.—Monographie der Céstriden. Wien, 1863. 
Four supplements, by the same author, are published in Wiener Ent. 
Zeit., V, p. 289, pl. Iv, 1886; vi, pp. 4, 71, 217, 1887. 
Bau, A.—Subfam. Cistrine. <Gen. Ins., Fase. 43, pp. 31, pls. 2, 
1906. 


Swenk, M. H.—The North American species of Cuterebra. <Journ. 
N. Y. Ent. Soc., 1905, pp. 181-185. 


TACHINIDZE. 


Wuuiston, S. W.—North American Tachinide. Gonia. <Can. 
Ent., xix, pp. 6-12, 1887. 
Braver, Fr., and Bercenstammu, J. E.—Die Zweifliigler des Kaiser- 
lichen Museums zu Wien. Parts IV—VII, 1889-1894. 
These parts contain a prodrome to a monogr ape of the Muscaria Schizo- 
; metopa (excl. Anthomyiide). 
Townsenp, C. H. T.—The North American genera of Calyptrate 
Muscide. Paper II. <Trans. Amer. Ent. Soc., x1x, pp. 133-144, 
1892. 


Table of the genera of Tachinide. 


CoquittetTtT, D. W.—Revision of the Tachinide of America, north 
of Mexico. <‘Tech. ser. 7, Div. Ent., U.S. Dept. Agr., 1897. 


Townsenp, C. H. T.—Notes on the species of Exorista of temperate 
North America. <Psyche, vi, pp. 329-331, 1896. 


SARCOPHAGIDE. 


Hacen, H. A.—List of North American Sarcophagidez, examined by 
R. H. Meade, esq., Bradford, England. <Can. Ent., x1, pp. 
146-150, 1881. 


Townsenp, C. H. T.—The North American genera of Calyptrate 
Muscide. Paper IV. <Trans. Amer. Ent. Soc., x1x, pp. 279- 
284, 1892. 


Tables of the genera of Sarcophagidz and Muscida, s. str. 
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TownsEnp, C. H. T.—|See previous paper. ] 
Hoven, G. pp N.—Synopsis of the Calliphorine of the United States. 
<Zool. Bul., 11, pp. 283-290, 1899. 
——— Some Muscine of North America. < Biol. Bul., 1, pp. 19-33, 
1899. ’ 
DEXIUDZE. 


Townsrenp, C. H. T.—The North American genera of Calyptrate 
Muscide. Paper III. <Trans. Amer. Ent. Soc., xix, pp. 273— 
978, 1892. 


Table of the genera of Dexiide. 
ANTHOMYIIDZE. 


Hacen, H. A.—List of North American Anthomyide, examined by. 
R. H. Meade, esq., Bradford, England. <Can. Ent., x11, pp. 
43-51, 1881. 

Srem, P.—Nordamerikanische Anthomyiden. <Berl. Ent. Zeitschr., 
1897, pp. 161-288. 


Die amerikanischen Anthomyiden des Museums fiir Natur- 
kunde zu Berlin und des ungarischen National Museums zu 
Budapest. <Ann. Mus. Hungar., 1, pp. 414-495, 1904. 


MICROPEZIDE. 


Cresson, E. T.—Dipterological notes, I. Micropezide. <Trans. 
Amer. Ent. Soc., xxxiv, pp. 1-12, pls. 2, 1908. 


ORTALIDE. 
Lorw, H.—The family Ortalide. <Monographs of the Diptera of 
North America, part III, 1873, pp. 1-209. 


Henpvei, F.—Subfam. Pyrgotine. <Gen. Ins., Fase. 79, pp. 33, pl. 
1, 1909. 
TRYPETIDE. 


Lorw, H.—On the North American Trypetide. <Monographs of 
the Diptera of North America, part I, 1862, pp. 49-102. 


Review of the North American Trypetina. <Monographs of 
the Diptera of North America, part III, 1873, pp. 211-347. 


Coquittetr, D. W.—Notes and descriptions of Trypetide. <Journ. 
N. Y. Ent. Soc., 1899, pp. 259-268. 


Contains a synopsis of the genera. 
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Avpricu, J. M.—The fruit-infesting forms of the Dipterous genus 
Rhagoletis, with one new species. <Can. Ent., 1909, pp. 69-73, 
ple i: 
Doanz, R. W.—A new Trypetid of economic importance. <Ent. 
News, 1898, pp. 69-72. 
Table of Rhagoletis. 


Apams, C. F.—[See paper under Leptide. | 


Table of Urellia and Icterica. 
SCIOMYZID®, 


Lorw, H.—On the North American Sciomyzide. <Monographs of 
the Diptera of North America, part I, 1862, pp. 103-128. 


SAPROMYZIDZE. 


Wuuiston, S. W.—The American genera of Sapromyzide. <Ent. 
News, 1894, pp. 196-197. 
Tenvet, F.—Subfam. Lauxaniine. <Gen. Ins., Fase. 68, pp. 66, 


pls. 3, 1908. 
HELOMYZID®. 


Axpricu, J. M., and Dartineton, P. S.—The Dipterous family Helo- 
myzide. <Trans. Amer. Ent. Soc., xxxiv, pp. 67-100, pls. 2, 
1908. 

OSCINID2. 


Coquittetr, D. W.—Notes and descriptions of Oscinide. <Journ. 
N. Y. Ent. Soc., 1898, pp. 4449. 
Apams, C. F.—On the North American species of Oscinis. <Ent. 
News, 1905, pp. 108-111. 
Notes on North American species of Crassiseta’ V. Ros. 
<Journ. N. Y. Ent. Soc., 1908, pp. 151-152. 
North American species of Siphonella. <Psyche, 1904, p. 103. 


SCATOPHAGID_E. 


Coquittett, D. W.—On the Dipterous family Scatophagide. 
<Journ. N. Y. Ent. Soc., 1898, pp. 160-165. 


EPHYDRIDZ. 


Lorw, H.—On the North American Ephydrinide. Monographs of 
the Diptera of North America, Pt. I, 1862, pp. 129-172. Smiths. 
Mise. Coll. 

Wueeter, W. M.—The genus Ochthera. <Ent. News, 1896, pp. 
121-128. 
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Hinz, J. S.—On Diptera of the family Ephydride. <OQOhio Nat., 
Iv, pp. 63-65, 1904. 
Tables of Dicheta and Cenia. 
Jongs, B. J.—Catalogue of the Ephydridxe with bibliography and 
descriptions of new species. <Univ. of Cal. Pub.,1, pp. 153-198, 
plea. 1906: 


HIPPOBOSCIDA AND NYCTERIBIID2. 


CoquitterT, D. W.—New genera and species of Nycteribidse and 
Hippoboscide. <Can. Ent., 1899, pp. 333-336. 

Speiser, P.—Ueber die Strebliden, Fledermaus-Parasiten aus der 
Gruppe der Pupiparen Dipteren. <Arch. f. Naturg., txv1, Bd. 
I, pp. 31-70, pls. 2, 1900. 

Ueber die Nycteribuden, Fledermaus-Parasiten aus der Gruppe 

der Pupiparen Dipteren. <Arch. f. Naturg.; txvm, Bd. 1, pp. 
11-78, pl. 1, 1901. 


SIPHONAPTERA. 


PULICIDA:. 


TASCHENBERG, O.—Die Flohe. Die Arten der Insektenordnung Suc- 
toria nach ihrem Chitinskelet monographisch dargestellt. Halle, 
1880. 

Baker, C. F.—Preliminary studies in Siphonaptera. <Can. Ent., 
1895, pp. 19-22, 63-66, 108-111, 1380-182, 162-165, 186-191, 221— 
222. ; 

A Revision of American Siphonaptera or fleas, together with 
a complete list and bibliography of the group. <Proe. U. 5. 
Nat. Mus., xxvir, pp. 365-469, 1904. 

The classification of the American Siphonaptera. <Proc. 
U.S. Nat. Mus., xxix, pp. 121-170, 1905. 


LEPIDOPTERA. 
I—CATALOGUES AND LISTS. 
Dyar, H. G.—A list of North American Lepidoptera. <Bul. 52, 
U.S. Nat. Mus., pp. 723, 1902. 
Assisted by Messrs. Fernald, Hulst, and Busck. 
Suiru, J. B.—Check list of the Lepidoptera of Boreal America. _ 
Amer. Ent. Soc., 1903, pp. 186. 
Assisted by Messrs. Skinner and Kearfott. 
Brooxtyn Enromonocican Socrery.—Check list of the Macrolepi- 
doptera of America, north of Mexico. Brooklyn, N. Y., 1882. 
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Grotr, A. R.—New check list of North American moths. New York, 
1882. 


Smirn, J. B—List of the Lepidoptera of Boreal America. Amer. 
Ent. Soc., Phila., 1891, pp. 124. 


Kirsy, W. F.—A synonymic catalogue of the Lepidoptera Hetero- 
cera. I, Sphinges and Bombyces. London, 1892. 


II.—GENERAL WORKS ON CLASSIFICATION. 


Morris, J. G.—Synopsis of the described Lepidoptera of North 
America. Pt. I. Diurnal and Crepuscular Lepidoptera. 
<Smithsonian Institution, Washington, 1862. 

Compiled descriptions of the North American Lepidoptera, from the 
Rhopalocera to the Bombycide. 

Strecker, H.—Lepidoptera, Rhopaloceres and Heteroceres, indige- 
nous and exotic; with descriptions and colored illustrations. 
Reading, Pa., 1872-1877. 

Fifteen parts of this work have been published containing figures and 
descriptions of many North American species. ; 

Smitu, J. B—An introduction to a classification of the North 
American Lepidoptera. <Bul. Brooklyn Ent. Soe., v1, pp. 70- 
74, 81-83, 1884. 


Dyar, H. G.—A classification of Lepidopterous larve. <Ann. N. Y. 
Acad. Sci., vit, pp. 194-232, 1895. 


On the larve of the higher Bombyces. <Proc. Bost. Soe. 
Nat. Hist., xxvii, pp. 127-147, 1896. 


Forses, Wu. T. M.—Field tables of Lepidoptera. Worcester, Mass., 
1906, pp. 141. 


Table to butterflies, Sphinges, and Saturnians, and to their caterpillars. 
III.—LOCAL LISTS. 


Frernaup, C. H.—The butterflies of Maine. Designed for the use of 
the Be aati in the Maine State College and the farmers of the 
State. Orono, Me., 1884. 


Brurenmtiitier, W.—Descriptive catalogue of the butterflies found 
within fifty miles of New York City. <Bul. Amer. Mus. Nat. 
Hist., v, pp. 241-810, 1893. 


Buiarcutey, W. S.—A catalogue of the butterflies known to occur in 
Indiana. <17th Rep. Geol. and Nat. Hist. Surv. Ind., pp. 365- 
408, 1892. 7 


Luccrr, O.—Butterflies and moths. <Bul. 61, Minn. Agr. Exp. 
Sta., pp. 279, 1898; also 4th Ann. Rep. State Ent. Minn. 
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Exrop, M. J.—The Butterflies of Montana. <Univ. Mont., 1906, 
pp. 174. 


Hart, C. A.—Synopsis of insect collections. Lepidoptera. <Tli- 
nois State Lab. Nat. Hist., 1903, pp. 1-64. 

Awnperson, E. M.—Catalogue of British Columbia Lepidoptera. 
Victoria, 1904, pp. 56. 

Wootty Dov, F. H.—Preliminary list of the Macrolepidoptera of 
Alberta, N. W. Terr. <Can. Ent., 1901, pp. 156-172; 1904, pp. 
345-355; 1905, pp. 17-28, 49-60, 145-156, 173-184, 221-930, 241— 
252: 1906, pp. 45-54, 89-94, 253-267. 


IV.—MONOGRAPHS AND SYNOPSES. 


Rhopalocera. 


Kirsy, W. F.—A synonymic catalogue of Diurnal Lepidoptera. 
London, 1871; supplement, London, 1877. 


A synonymical list of the butterflies of the world. 


Skinner, H.—Synonymical catalogue of North American Rhopa- 
locera. Amer. Ent. Soc., Phila., 1898. 


A synonymie catalogue of the North American Rhopalocera. 
Supp. 1. Philadelphia, 1905. 


Epwarps, W. H.—Revised catalogue of the Diurnal Lepidoptera of 
America, north of Mexico. <Trans. Amer. Ent. Soc., x1, pp. 
945-338, 1884. 

This supersedes a similar catalogue by the same author, published in 
1ST7. 

Hotuanp, W. J.—The butterfly book. New York, 1898, pp. 382, pls. 
48 (colored). Carnegie Museum, Pittsburg, Pa. Second edit., 
1902. 


Epwarps, W. H.—Butterflies of North America. 3 vols. Boston; 
I, 1879; II, 1884; III, 1897. Many plates. 


Scupper, S. H.—Butterflies of the Eastern United States and Can- 
ada. 3 vols. Boston, 1889, pp. 1958, pls. 89. 


Frencu, G. H.—The Butterflies of the Eastern United States. For 
the use of classes in zoology and private students. Philadelphia, 
1886. 


Gives synopses of the genera and species, and descriptions of the species. 


Wricut, W. G.—The Butterflies of the West Coast of the United 
States. San Francisco, Cal., 1905, pp. 257, pls. 32. 
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Scupprer, S. H.—Butterflies: Their structures, changes, and life-his- 
tories, with special reference to American forms. Being an appli- 
cation of the “ doctrine of descent ” to the study of butterflies, 
with an appendix of practical instructions. New York, 1881. 

Brief guide to the common butterflies of the Northern United 
States and Canada. New York, 1893, pp. 206. 


Comstock, J. H. and A. B.—How to know the butterflies. New 
York, 1904, pp. 311, pls. 45. 

Situ, J. B.—Synopsis of the genera of the North American Rhop- 
alocera. <Bul. Brooklyn Ent. Soc., v1, pp. 37-45, 1883. 

A tabular synopsis embracing all North American genera. 

Aaron, E. M.—Notes on North American Hesperide. <Can. Ent., 
1892, pp. 119-120. 

A table of the genera. 

Snyper, A. J.—The Argynnids of North America. <Occ. Mem. 
Chicago Ent. Soc., 1, No. 1, 1900. 

A grouping of the species, with notes on many of them. 

Roruscuitp, W., and Jorpan, K.—A revision of the American 
Papilios. <Novitates Zool., xm, pp. 411-752, pls. 5, 1906. 

Sricuet, H.—Subfamily Parnasiine. <Gen. Ins., Fase. 58, pp. 60, 
pis23, 190. 

Mencex, L. W.—A catalogue of the Erycinide. Reading, Pa., 1905, 
pp: 161. 

Masiiiz, P—Fam. Hesperide. <Gen. Ins., Fasc. 17, pp. 210, pls. 
4, 1903. 

Dyar, H. G.—A review of the Hesperidze of the United States. 
<Journ, N. Y: Ent. Soc., 1905, pp. 111-141. 

Synoptic table of the North American species of Chionobas. 
< Proc. Ent. Soc. Wash., v, p. 42, 1902. 

Synopsis of the North American species of Brenthis. < Proc. 
Ent. Soc. Wash., v, pp. 1380-131, 1903. 

Synopsis of the North American species of Erebia. <Proc. 
Ent. Soc. Wash., v, pp. 129-130, 1903. 

Warson, E. Y.—A proposed classification of the Hesperide, with a 
revision of the genera. <Proc. Zool. Soc. London, 1893, pp. 
3-132, pls. 3. 

Heterocera. 

Hampson, G. F.—Catalogue of the Lepidoptera Phalsenz in the 
British Museum. I, Syntomidee, 1898; II, Arctiidee, 1900; IIT, 
Arctiide and Agaristide, 1901; IV, Noctuide, 1903; V, Noc- 
tuide, 1905; VI, Noctuide, 1906; VII, Acronyctine, 1908. 

Hotianp, J. G.—The moth book. New York, 1903, pp. 479, pls. 48. 


44 WORKS ON NORTH AMERICAN ENTOMOLOGY. 
SPHINGIDZE, 


Frrnatp, C. H.—The Sphingidse of New England. Orono, Me., 
1886. 

Gives the life history, so far as known, of all species recorded from New 
England. 

Smirn, J. B.—A monograph of the Sphingide of North America 
north of Mexico. <Trans. Amer. Ent. Soc., xv, pp. 49-242, pls. 
12, 1888. 

—_—— List of the Sphingide of temperate North America. <Ent. 
Amer., 1888, pp. 89-94. 

BeuTenMULier, W.—Descriptive catalogue of the Sphingide found 
within fifty miles of New York City. <Bul. Amer. Mus. Nat. 
Hist., vi1, pp. 275-320, 1895. 

Roruscutp, W., and Jorpan, K.—A revision of the Lepidopterous 
family Sphingide. <Novitates Zool., 1x, pp. 1107, pls. 67, 1903. 

— Fam. Sphingide. <Gen. Ins., Fase. 57, pp. 57, pls. 8, 1907. 


SESTIDZE. 


BeutenmMULuer, W.—Critical review of the Sesiide found in America 
north of Mexico. <Bul. Amer. Mus. Nat. Hist., v1, pp. 111- 
148, 1896. : 

Monograph of the Sesiidze of America north of Mexico. 
<Mem. Amer. Mus. Nat. Hist., 1, pp. 217-852, pls. 8, 1901. 

Buscx, A.—Notes on the family Mgeriidee (Sesiidee), with a synoptic - 
table of the North American genera. <Proc. Ent. Soc. Wash., 
XI, pp. 115-118, 1909. 


ZYGZENIDZE. 


Pacxarp, A. S.—Notes on the family Zygenide. <Proc. Essex In- 
stitute, Iv, pp. T-47, Pls. 1, 11, 1864. 

Grotr, A. R.—Catalogue of the Zygenide of North America. <Bul. 
Buffalo Soc. Nat. Sci., 1, pp. 29-36, 1873. 


Srretcu, R. H.—Illustrations of the Zy ofnidee and Bombycidee of 
North America. ‘San Francisco, Cal., 1874, pp. 242, pls. 10. 


ARCTIIDE. 


Smirn, J. B.—Preliminary catalogue of the Arctiide of temperate 
North America. <Can. Ent., 1889, pp. 169-175, 193-200, 213— 
219; 1890, pp. 9-14, 31-86, 52-55, 735 75, 100-104, 116-120, 141— 
144, 161-168, 175-180, 204-208, 230-236. 


Includes table to the genera. 
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Strrercu, R. H.—Heterocera Americana. <Journ. N. Y. Ent. Soc., 
1906, pp. 117-125, pls 11. 


Mostly Arctiide. 


_ Dyar, H. G.—Preliminary notes on the larve of the genus Arctia. 
<Journ. N. Y. Ent. Soc., 1900, pp. 34-47. 


New American moths and synonymical notes. <Journ. 
N. Y. Ent. Soc., 1898, pp. 38-44. 


Tables of Nola, Roeselia, Cydosia, Pygarctia, and Lycomorpha. 


Lyman, H. H.—The North American Callimorphas. <Can. Ent., 
XIx, pp. 181-191, pl. 1, 1887. 


Smirn, J. B—The North American species of Callimorpha, Latr. 
<Proe. U. S. Nat. Mus., 1887, pp. 342-353, Pls. x11, xiv. 


BruTENMULLER, W.—|See article under Bombycide. | 


Fosrer, F. H.—Some results of breeding moths of the genus Haploa. 
<Ent. News, 1901, pp. 79-83, 97-106, pl. 1. 


Dyar, H. G.—A review of the species of Haploa. <Proc. Ent. Soc. 
Wash., v, pp. 6-9, 1902. 


BOMBYCID-E. 


Neumorcen, B., and Dyar, H. G.—A preliminary revision of the 
Bombyces of America north of Mexico. <Journ. N. Y. Ent. 
Soc., 1893 and 1894. Issued as a separate. 


Pacxarp, A. S.—Synopsis of the Bombycide of the United States. 
<Proc. Ent. Soc. Phila., 111, pp. 97-130, 331-396, 1864. 


Srrercu, R. H.—Illustrations of the Zygenide and Bombycide of 
North America. San Francisco, Cal., 1874, pp. 242, pls. 10. 
The Lithosiide and Arctiide are treated. 


Smiru, J. B.—A revision of the Lepidopterous family Saturnide. 
<Proc. U. S. Nat. Mus., rx, pp. 414487, pls. 3, 1886. 


Packarp, A. S.—Monograph of the Bombycine moths of America, 
north of Mexico. Pt. I, Family Notodontide. <Mem. Nat. 
Acad. Sci., vu, pp. 390, pls. 49, 1896. Part II, Family Cerato- 
campide. <Mem. Nat. Acad. Sci., 1x, pp. 150, pls. 61, 1905. 


Neumorcen, B., and Dyar, H. G.—A preliminary revision of the 
Lepidopterous family Notodontide. <Trans. Amer. Ent. Soc., 
XxI, pp. 179-208, 1894. 


BreutrenMU tier, W.—Descriptive catalogue of the Bombycine moths 
found within fifty miles of New York City. <Bul. Amer. Mus. 
Nat. Hist., x, pp. 8538-448, 1898. 
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Dyar, H. G., and Morron, E.—Life-histories of the New York slug- 
caterpillars. <Journ. N. Y. Ent. Soc., 1895, pp. 145-157; 1896, 
pp. 1-9; 1897, pp. 1-14, 57-66, 107-1105 Wie03. pp. 1-9, 94-985 
151-158, 241-246; 1899, pp. 61-67, 234-253. 

Dyar, H. G.—On the larval cases of North American ves 
<Ent. News, 1893, pp. 320-821. 


A synoptic table to the cases. 


Notes on Cerura, with descriptions of new species. < Psyche, 
VI, pp. 290-292, 1892. 
Orgyia badia Hy. Edw. and other notes, with a table to sepa- 
rate the larve of Orgyia. < Psyche, v1, pp. 419-421, 1893. 
—— Final notes on Orgyia. <Psyche, vu, pp. 340-342, 1896. 


Table to larve. 
— Notes on Gluphisia. < Psyche, vi, pp. 529-530, 1893. 


A note on the larva of Datana floridana Gref. <Psyche, v1, 
p- 573, 1893. 

Table of mature laryie. 

A review of the North American species of the Lepidopterous 
family Anthroceride. <Proc. Ent. Soc. Wash., v, pp. 322-829, 
1903-.. 


— The larve of the Clisiocampe. <Can. Ent., 1893, pp. 37-44. 
——— The genus Datana. <Ent. Amer., vi, pp. 127-182, 1890. 


NOCTUIDZE. 


Grorr. A. R.—List.of the Noctuids of North America. <Bul. Buf- 
falo Soc. Nat. Hist., 11, pp. 1-77, 1874. 


Smirn, J. B—A catalogue, bibliographical and synonymical, of the 
species of moths of the Lepidopterous superfamily Noctuide 
found in Boreal America, with critical notes. <Bul. 44, U.S. 
Nat. Mus., pp. 424, 1893. 


Grotr, A. R.—Introduction to a study of the North American Noc- 
tuide. <Proc. Amer. Phil. Soc., xx1, pp. 134-176, 1883. 


Gives a brief review of structural characters of the family. 


Smirn, J. B.—A synopsis of the North American genera of the Noc- 
tuide. <Bul. Brooklyn Ent. Soc., rv, 1882, pp. 48-52, and v, 
from May till November, 1882. 

Contains a tabular synopsis of the genera, with critical notes on many 

of them. 
Contributions toward a monograph of the Noctuide of tem- 
perate North America. The genus Oligia. <Ent. Amer., 1889, 
pp. 145-152; Revision of the species of Pseudanarta. <Ent. 
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Suiru, J. B.—Continued. 

Amer., 1889, pp. 175-179; Revision of some Tzeniocampid genera. 
<Proc. U. S. Nat. Mus., x11, pp. 455-496, 1889; Revision of the 
species of Oncocnemis. <Trans. Amer. Ent. Soc., xv1, pp. 321- 
349, 1889; Revision of Scopelosoma. <Ent. Amer., 1890, pp. 
146-153; Revision of the species of the genus Agrotis. <Bul. 
38, U. S. Nat. Mus., 1890, pp. 231, pls. 6; Revision of Homoha- 
dena. <Proc. U. S. Nat. Mus., xm, pp. 397-405; Revision of 
the species of Mamestra. <Proc. U.S. Nat. Mus., xiv, pp. 197- 
276, 1891; Revision of the species of Hadena referable to Xylo- 
phasia and Luperina. <Proc. U.S. Nat. Mus., x1, pp. 407-447, 
1891; Revision of the genus Cucullia; Revision of the Dicopine ; 
Revision of Xylomiges and Morrisonia. <Proc. U.S. Nat. Mus., 
XV, pp. 33-86, 1892; A revision of the Deltoid moths. <Bul. 48, 
U. S. Nat. Mus., 1895, pp. 120, pls. 14; Revision of the genus 
Hydrecia. <Trans. Amer. Ent. Soc., xxvi, pp. 1-48, 1899. 


Contributions toward a monograph of the North American 
Noctuide. Revision of the species of Xylina Ochs. <Trans. 
Amer. Ent. Soc., xxvi1, pp. 1-47, pls. 5, 1900. 


Contributions toward a monograph of the North American 
Noctuide. Revision of the species of Acontia Ochs. <Trans. 
Amer. Ent. Soc., xxvii, pp. 47-84, 1900. 


Contributions toward a monograph of the Lepidopterous fam- 
ily Noctuidee of Boreal North America. <A revision of the moths 
referred to the genus Leucania, with descriptions of new species. 
< Proc. U.S. Nat: Mus., xxv, pp: 159-209, pls. 2, 1902. 


A revision of the Boreal American species of Nonagria Ochs. 
<Proc. Ent. Soc. Wash., v, pp. 311-319, 1903. 


Notes on the species of Amathes Hbn. Revision of the species 
of Pleonectyptera. <Trans. Amer. Ent. Soc., xxx1u, pp. 367- 
379, pl. 1, 1907. 


A revision of some species of Noctuide heretofore referred to 
the genus Homohadena. <Proc. U. S. Nat. Mus., xxxv, pp. 
209-275, pls. 6, 1908. 


New species of Noctuidee for 1908, I, with notes on Charadra, 
Raphia, and Pseudanarta. <Journ. N. Y. Ent. Soc., 1908, pp. 
79-98. 


-Tables of Charadra and Raphia. 
and Dyar, H. G.—A revision of the species of Acronycta and 


of certain allied genera. <Proc. U.S. Nat. Mus., xx1, pp. 1-194. 
1898. 
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BrvuTENMULLER, W.—Descriptive catalogue of the Noctuidee within 
50 miles of New York City. <Bul. Amer. Mus. Nat. Hist., x1v, 
pp. 229-312, 1901; ibid., xvr, pp. 418-458, pls. 4, 1902. 

Frencu, G. H.—Synopsis of the Noctuide of Hlinois. Greenville, 
Tll., 1882. <Curator’s Report in the Eighth Ann. Rep. of the 
Principal to the Board of Trustees of the South Illinois Normal 
University. : 

Smirn, J. B.—Synopsis of the North American Heliothine. 
<Trans. Amer. Ent. Soc., x, pp. 205-256, Pls. vir, vir, 1883. 


Grotr, A. R.—Remarks ‘upon the North American Heliothine and 
their recent literature. <Trans. Amer. Ent. Soc., x, pp. 257-268, 
1883. 


Hutst, G. D.—The genus Catocala. <Bul. Brooklyn Ent. Soc., 
vil, pp. 138-56, Pl. 1, 1884. 


GEOMETRIDZE. 


Packxarp, A. S.—A monograph of the Geometrid moths or Phale- 
nide of the United States. <Rep. U.S. Geol. and Geog. Surv., 
X, pp. 607, pls. 13, 1876. 
This supersedes all prior works and gives a complete index to the prior 
literature, as well as a description of every species. 
Hutst, G. D.—A classification of the Geometrina of North America, 
with descriptions of new genera and species. <Trans. Amer. 
Ent. Soc., xxi, pp. 245-386, 1896. 


v. GUMPPENBERG, C. Frern.—Systema Geometrarum zonae tempera- 
tioris septentrionalis. 8 parts. <Nova Acta der k. Leop.-Carol. 
Deutschen Akad. der Naturforscher, 1887-1897. 


Dyar, H. G.—A new Plagodis. <Can. Ent., 1899, pp. 266. 
PYRALID®. 


Raconot, E. L.—Monographie des Phycitine et des Galleriine. 
Romanofl’s “ Mémoires sur les Lépidopteres,” vu, pp. 658, pls. 23, 
1893. 

Hutst, G. D.—The Phycitide of North America. <Trans. Amer. 
Ent. Soc., xvi, pp. 98-228, 1890. 

——— The Epipaschiine of North America. <Ent. Amer., 1889, 
pp. 41-52, 61-76. 


Fernatp, C. H.—The Crambide of North America. <Ann. Rep. 
Mass. Agr. Coll., pp. 96, pls. 9, 1896. 
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_ Fert, E. P.—On certain grass-eating insects. <Bull. 64, Cornell 
Univ. Agr. Exp. Sta., pp. 47-102, pls. 14, 1894. 
Synopsis and catalogue of Crambus. 


Dyar, H. G.—The North American Nymphaline and Scopariine. 
Eoumn: NEY? Ent. Soc: 1906; pp, dem 


Knarrorr, W. D.—Descriptions of new species of North American 
Crambid moths. <Proc. U. S. Nat. Mus., xxxv, pp. 367-393, 
1908. 

Tables of Mesolia, Prionapteryx, Thaumatopsis, Diatrzea, and Chilo. 

Frernatp, C. H.—On the genus Schoenobius. <Ent. Amer., tv, 
pp: 135- 139, 1888. 


On the genus Diatrea. <Ent. Amer., 1v, pp. 119-120, 1888. 


Dyar, H. G.—Notes on the species of Acrobasis, with descriptions 
of new species. < Proc. Ent. Soc. Wash., x, pp.,41-48, 1908. 


A review of the North American Pyraline. <Proc. Ent. 
Soc. Wash., x, pp. 96-102, 1908. 


A review of the North American Chrysaugine. <Proc. Ent. 
Soc. Wash., x, pp. 92-96, 1908. 


PTEROPHORIDEE., 


Frernatp, C. H.—The Pterophoride of North America. <Spec. 
Bul. Mass. Agr. Coll., 1898, pp. 64, pls. 9. 


TORTRICID.E. 


Fernatp, C. H.—A synonymical catalogue of the described Tortri- 
cide of North America, north of Mexico. <Trans. Amer. Ent. 
Soc., x, pp. 1-64, 1882; also separate. 

Roprnson, C. T.—Notes on American Tortricidae. <Trans. Amer. 
Ent. Soce., 11, pp. 261-288, Pls. 1 and 1v—vuit, 1869. 


Lorp WaustncHam.—North American Tortricide. British Museum. 
Illustrations of typical specimens of Lepidoptera Heterocera in 
the collection of the British Museum. 1 vol., folio, pp. 12-+84, 
Pls. 1-xvu1, 1879. 

ZeLier, P. C.—Beitriige zur Kentniss der nordamerikanischen Nacht- 
falter, besonders der Microlepidopteren. < Verh. k. k. zool.-bot. 
Ges. Wien, 1872, pp. 447-556; 1873, pp. 130; 1875, pp. 207-860. 

Treats chiefly of Tortricide and Tineide. 

Frrnatp, C. H.—On the North American species of Choreutis and 
its allies. <Can. Ent., 1900, pp. 236-245. 

The genera of the Tortricide and their types. Amherst, 

Mass., 1908. 
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Kearrorr, W. D.—North American Tortricide, genus Polychrosis 
Rag. <Trans. Amer. Ent. Soc., xxx, pp. 287-299, pls. 2, 1904. 


Buscx, A.—A review of the Tortricid subfamily Phaloniine, with 
descriptions of new American species. <Journ. N. Y. Ent. Soc., 
1907, pp. 19-86. 

Notes on some Tortricid genera with descriptions of new 
American species. <Proc. Biol. Soc. Wash., xix, pp. 173-182, 
1906. 


Tables of Hemimene and Lipoptycha. 
-TINEIDE, 


Ciemens, B.—The Tineina of North America, by the late Dr. Brack- 
enridge Clemens. Being a collected edition of his writings on 
that group of insects. With notes by the editor, H. T. Stainton. 
London, 1872, pp. 154-282. 


Cuampers, V. T.—Index to the described Tineina of the United 
States and Canada. <Bul. U. 5. Geol. and Geog. Surv., Iv, pp. 
125-167, 1878. 


Lorp WatstncHam.—North American Coleophore. <Trans. Ent. 
Soc. London, 1882, pp. 429-442, Pl. xvi. 
A revision of the genera Acrolophus, Poey and Anaphora, 
Clem. <Trans. Ent. Soc. London, 1887, pp. 137-173, Pls. vu, 
VIII. 


Steps toward a revision of Chambers’s Index, with notes and 
descriptions of new species. <Insect Life, 1, pp. 81-84, 113-117, 
145-150, 254-258, 287-291; 11, pp. 238-26, 51-54, 77-81, 116-120, 
150-155, 284-286, 322-326; 1, pp. 325-829, 386-389; Iv, pp. 
384-385. 

Dyar, H. G.—Notes on some North American Yponomeutide. 
<Can. Ent., 1900, pp. 37-41, 84-86. 

ZELLER, P. C.—(See work cited under Tortricide. ) 

Braun, A. F.—Revision of the North American species of the genus 
Lithocolletis. <Trans. Amer. Ent. Soc., xxxtv, pp. 269-357, pls. 
5, 1908. 

Buscx, A.—Description of American moths of the genus Cerostoma. 
<Ent. News, 1906, pp. 96-99. 

Table of species. 

A generic revision of the American moths of the family 
(Eecophoride, with descriptions of new species. <Proc. U. S. 
Nat. Mus., xxxv, pp. 187-207, 1908. 
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Buscx, A.—Revision of the American moths of the genus Argyres- 
thia. <Proc. U. S. Nat. Mus., xxxi1, pp. 5—24, pls. 2, 190’. 
Notes on the Cerostoma group of Yponomeutide, with deserip- 


tions of new North American species. <Journ. N. Y. Ent. Soc., 
1903, pp. 45-58. 


A revision of the American moths of the family Gelechiide, 
with descriptions of new species. <Proc. U. S. Nat. Mus., xxv, 
pp. 767-988, pls. 5, 1903. 

A review of the American moths of the genus Depressaria 
Haworth, with descriptions of new species. <Proc. U.S. Nat. 
Mus., xxiv, pp. 731-749, 1902. 

A review of the American moths of the genus Cosmopteryx 
ifubner. _< Proc. U.S. Nat. Mus., xxx, pp: 707-13, 1906. 
Dietz, W. G.—The North American species of the genus Ornix Tr. 

<Trans. Amer. Ent. Soc., xxx, pp. 287-298, pl. 1, 1907. 


Revision of the genera and species of the Tineid subfamilies 
Amydriine and Tineine inhabiting North America. <Trans. 
Amer. Ent. Soc., xxx1, pp. 1-96, pls. 6, 1905. 


— On Pigritia Clem. <Trans. Amer. Ent. Soc., xxvi1, pp. 100- 
120, pls. 2, 1901. 


Dyar, H. G.—A review of the North American species of Pronuba 
and Prodoxus. <Journ. N. Y. Ent. Soc., 1903, pp. 102-104. 


A review of the genus Ethmia, with descriptions of new spe- 
cies. <Journ. N. Y. Ent. Soc., 1902, pp. 202-208. 
New species of Semioscopus. <Can. Ent., 1902, pp. 319-320. 


Kerarrorr, W. D.—Descriptions of new Tineoidea. <Journ. N. Y. 
Ent. Soc., 19038, pp. 145-165. 
Synopsis of Recurvaria. 
A revision of the North American species of the genus Cho- 
reutis. <Journ. N. Y. Ent. Soc., 1902, pp. 106-125. 


COLEOPTERA. 


I—CATALOGUES AND CHECK-LISTS. 


Metsuermer, F. K.—Catalogue of the described Coleoptera of the 
United States. Revised by S. S. Haldeman and J. L. Le Conte. 
Washington, Smithsonian Institution, 1853. 


Now antiquated, but still the only reference catalogue of North Ameri- 
can Coleoptera. 


Hensuaw, S.—List of the Coleoptera of America, north of Mexico. 
Amer. Ent. Soc. Phila., 1885. 


This supersedes all previous lists. 
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Hensuaw, S.—First supplement to the List of Coleoptera of America, 
north of Mexico. <Entomologica Americana, um, pp. 213-220, 
1887. 

Also issued as separate pamphlet by the Brooklyn Entomological 
Society. 
Third supplement to the List of Coleoptera of America, north 
of Mexico. Amer. Ent. Soc. Phila., 1895. 
Contains also a list of synopses of genera supplementary to that in the 
* Classification.” 

Gremuincer, M., and von Harotp, E.—Catalogus Coleopterorum 
hucusque descriptorum synonymicus et systematicus. 12 vols. 
Munich, 1868-1876, 4 


A synonymical reference catalogue of the Coleoptera of the whole 
world. 


APPENDICES TO GEMMINGER AND HAROLD’S: CATALOGUE. 


Frevriux, E.—Catalogue systématique des Cicindelide décrits 
depuis Linné. <Mém. Soc. Sci. Liége, 1892. 


Gruin, J. B.—Catalogue synonymique et systématique des Coléop- 
téres de la tribu des Carabides. Remiremont, 1885. 


VAN DEN Branden, C.—Catalogue des Coléoptéres carnassiers aqua- 
tiques (Haliplide, Amphizoide, Pelobiide, et Dytiscide). 
<Ann. Soc. Ent. Belg., 1885, pp. 5-115. 


Srvertn, G.—Catalogue des Coléoptéres de la famille des Gyrinides. 
<Ann. Soc. Ent. Belg., 1889, pp. 149-179. 


Duvivier, A.—Enumeration des Staphylinides décrits depuis la pub- 
lication du Catalogue de MM. Gemminger et de Harold. <Ann. 
Soc. Ent. Belg., 1883, pp. 91-220. 


Berce, A.—Enumération des Cétonides décrits depuis la publication 
du Catalogue de MM. Gemminger et de Harold. <Ann. Soe. 
Ent. Belg., 1884, pp. 1138-163. 


Nonrriep, A. F.—Verzeichniss der seit 1871 neu beschriebenen Gla- 
phyriden, Melolonthiden, und Euchiriden. < Berl. Ent. Zeitschr., 
1892, pp. 249-290. 

Verzeichniss der Rutelids beschrieben nach der Herausgabe 
des Miinchener Kataloges. <Berl. Ent. Zeitschr., 1891, pp. 347- 
358, 449-454. 

PrevupnomMr pe Borrr, A.—Catalogue des Trogides décrits jusqu’a 
ce jour. <Ann. Soc. Ent. Belg., 1886, pp. 54-82. 

Frevrrux, E.—Supplément au Catalogue des Coléoptéres de MM. 
Gemminger et de Harold; Languriides et Erotylides. <Ann, 
Soc. Ent. Belg., 1886, pp. 216-224, 
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Cuampion, G. C.—A list of the Lagriide, Othniide, Nilionide, Pet- 
ridx, Pythide, Melandryide, Pedilide (part), Pyrochroide, and 
Mordellide, supplementary to the “ Munich ” Catalogue. <Ann. 
Soe. Ent. Belg., 1898, pp. 46-104. 


A list of the Cantharidx, supplementary to the “ Munich ” 
Catalogue. <Ann. Soc. Ent. Belg., 1899, pp. 153-208. 


A list of the Rhipidophoridz and Cidemeride, supplementary 
to the “ Munich ” Catalogue. <Ann. Soc. Ent. Belg., 1899, pp. 
59-61. | 


A list of Tenebrionide, supplementary to the ‘“ Munich ” 
Catalogue. <Mém. Soc. Ent. Belg., No. 3, 1895. 


A list of the Aigialitidee and Cistelidx, supplementary to the 
“Munich ” Catalogue. <Mém. Soc. Ent. Belg., No. 6, 1897, pp. 
147-177. 


KrrreMAns, Cu.—Catalogue synonymique des Buprestides décrits 
de 1758 a 1890. <Mém. Soc. Ent. Belg. No. 1, 1892. 


Canprzn, H.—Catalogue méthodique des Elatérides connus en 1890. 
Liége, 1891, pp. 246. 


Lamerre, A.—Liste des Cérambycides décrits postérieurement au 
Catalogue de Munich. <Ann. Soc. Ent. Belg., 1882, pp. 1-78; 
1883, pp. clv—cv. 


Fieutiaux, E.—Supplément au “Catalogus Coleopterorum” de 
Gemminger et Harold, V, 1869. <Ann. Soc. Ent. Belg., 1894, 
pp. 687-691. (Trixagide and Monommide.) 


Doncxier pe Donceet, H.—Liste des Brenthides décrits postérieure- 
ment au Catalogue de MM. Gemminger et von Harold. <C. R. 
Soc. Ent. Belg., 1884, pp. ceciii—ecex. 


Liste des Anthribides décrits postérieurement au Catalogue 
de Gemminger et von Harold. <C. R. Soc. Ent. Belg., 1884, 
pp. cecxxX1V—ccexxXill. 


Pic, M.—Liste des Anthicides décrits postérieurement au Catalogus 
de MM. Gemminger et Harold (1870-1893). <Ann. Soc. Ent. 
Belg., 1894, pp. 43-58, 137-138, 237-238. 


Premier supplément a ma liste des Anthicides. <Ann. Soe. 
Ent. Belg., 1897, pp. 212-294, 343-344. 


VAN DEN Branpen, C.—Enumération des Coléoptéres Phytophages 
décrits postérieurement au Catalogue de MM. Gemminger et von 
Harold. Hispides et Cassides. <Mém. Soc. Sci. Liége, x1, 
pp. 16, 1885. 
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Donckter DE Doncret, H.—Liste des Sagrides, Criocerides, Clythri- 
des, Megalopides, Cryptocephalides, et Lamprosomides décrits. 
postérieurement au Catalogue de MM. Gemminger et von Harold. 
<Mém. Soc. Sci. Liége, x1, pp. 31, 1885. 

Duvivier, A.—Catalogue des Chrysomelides, Halticides, et Gale- 
rucides décrits postérieurement a la publication du Catalogue de 
Munich. <Mém. Soc. Sci. Liége, x1, pp. 64, 1885. 


Donckter pE Doncreet, H.—Catalogue systématique des Hispides. 
<Ann. Soc. Ent. France, 1899 (1900), pp. 540-615. 


IT.—GHNERAL WORKS ON CLASSIFICATION. 


Le Contr, J. L.—Classification of the Coleoptera of North America. 

Washington, Smithsonian Institution. Pt. I, 1861; Pt. I, 1873. 

Only completed as far as the Cerambycidze; the rest has never been 
published. - 

Le Baron, W.—Outlines of Entomology, published in connection 
with the author’s Annual Reports upon injurious insects. Part 
first. Including the Order of Coleoptera. <Fourth Annual 
Report on the Noxious and Beneficial Insects of the State of Hh- 
nois. Sep. Edit. Springfield, 1874. 


Lacorpairr, J. T.—Histoire naturelle des Insectes. Genera des 
| Coléoptéres, ou exposé méthodique et critique de tous les genres 
proposés jusqwici dans cet ordre d’insectes. [Completed by J. 
Chapuis.| Paris, France, 1854-1876. 12 vols. and 1 vol. pls. 


Le Contr, J. L. and Horn, G. H.—Classification of the Coleoptera of 
North America. Prepared for the Smithsonian Institution. 
Washington, Smithsonian Institution, 1883. 


Haywarp, R.—Classification of the families of the Coleoptera of 
America, north of Mexico. <Amer. Ent. Soc., Phila., 1909, 
pp. 387. 

Imuorr, L.—Versuch einer Einfiihrung in das Studium der Koleop- 
teren. Basel, Switzerland, 1856. 

Although old, this is still very useful. 

Lamerrr, A.—Notes pour la classification des Coléoptéres. <Ann. 
Soc. Ent. Belg., 1900, pp. 355-877. 

Koper, H. J.—Vergleichendmorphologische Untersuchungen an Col- 
eopteren nebst Grundlagen zu einen System und zur Systematik 
derselben. <Arch. f. Naturg., txvi1, Beiheft, pp. 89-150, 1901. 

GancLpAurr, L.—Die Kifer von Mitteleuropa. Vienna, 1892-1908. 
Four volumes published, containing the Caraboidea, Staphyl- 
noidea, and Clavicornia. 


Extremely valuable for classification. 
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Tt — LOCAL EDS TS: 


Wicxuam, H. F.—The Coleoptera of Canada. <Can. Ent.; Cicin- 
delidz, 1894, pp. 149-154; Scarabzeidee, 1894, pp. 197-207, 229- 
234, 259-264; Coccinellide, 1894, pp. 297-306; Endomychide and 
Erotylidee, 1894, pp. 337-842; Cucujidee, 1895, pp. 25-29; Hali- 
plide and Dytiscide, 1895, pp. 69-76, 117-122, 149-153; Hydro- 
philidee, 1895, pp. 181-186, 213-216; Cleridee, 1895, pp. 247-253; 
Meloide, 1896, pp. 31-35; Chrysomelide, 1896, pp. 67-74, 151- 
157, 171-174, 199-203; 1897, pp. 7-12, 29-87, 60-63; Cerambyci- 
deve, 1897, pp. 81-88, 105-111, 148-153, 169-173, 187-193, 201-208; 
1898, pp. 837-44; Cidemeride and Cephaloide, 1898, pp. 149-152; 
Lucanide, 1899, pp. 21-25; Pythide, 1899, pp. 57-61; Supple- 
mentary, 1899, pp. 81-86. 


Lene, C. W., and Beurenmtitier, W.—Preliminary handbook of the 
Coleoptera of northeastern America. <Journ. N. Y. Ent. Soc., 
1894, pp. 87-96, 133-141, 175-190; 1895, pp. 73-76, 180-190; 
1896, pp. 88-49; 1897, pp. 36-40, 133-149. 

The parts published deal with the Cicindelids and Carabide. 


Fatt, H. C.—hList of the Coleoptera of Southern California, with 
notes on habits and distribution and descriptions of new species. 
<Proc. Cal. Acad. Sci., vir, pp. 282, 1902. 


and Cocxrreti, T. D. A.—The Coleoptera of New Mexico. 
<Trans. Amer. Ent. Soc., xxxm1, pp. 145-272, 1907. 


Horn, G. H.—The Coleoptera of Baja California. <Proc. Cal. 
Acad. Sci., 1v, pp. 302-449, 1894; ibid., v, pp. 225-259, 1895; ibid., 
VI, pp. 367-381, 1896. 
Includes tables of several genera. 


Hamixtton, J.—Catalogue of the Coleoptera of Alaska, with the 
synonymy and distribution. <Trans. Amer. Ent. Soc., xx1, 
pp. 1-38, 1894. 


Catalogue of the Coleoptera of southwestern Pennsylvania, 
with notes and descriptions. <Trans. Amer. Ent. Soc., xx, 
pp. 317-881, 1895. ; 

Dury, Cu.—A revised list of Coleoptera observed near Cincinnati, 


Ohio, with notes. <Journ. Cin. Soc. Nat. Hist., xx, pp. 107-189, 
1902. 


Wicxnam, H. F.—A catalogue of the Coleoptera of Colorado. 
<Bul. Lab. Nat. Hist. State Univ. Iowa, v (3), pp. 217-3810, 
1902. 


Ukr, H.—A list of the beetles of the District of Columbia. < Proc. 
U.S. Nat. Mus., xxv, pp. 1-57, 1902. 
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IV.— MONOGRAPHS AND SYNOPSES. 


Hensuaw, S.—References for specific identification. <Appendix IT 
of Le Conte and Horn’s “ Classification,” 1883, pp. 535-552. 


A “list of bibliographical references to memoirs in which more or less 
complete synopses of the families, genera, and species of the Cole- 
optera of the United States have been published.” 

Third supplement to the list of Coleoptera of America, north 

of Mexico. Amer. Ent. Soc. Phila., 1895. 


Contains a supplementary list of synopses of genera. 
CICINDELIDZ. 


Scuaurp, F. G.—Synoptic tables of Coleoptera, Cicindelide. <Bul. 
Brooklyn Ent. Soc., v1, November, 1883, and subsequent numbers. 
Also issued as separate pamphlet by the Brooklyn Entomological 
Society. 


Lene, C. W.—Revision of the Cicindelide of Boreal America. 
<Trans. Amer. Ent. Soc., xxvin, pp. 93-186, 1902. 

Horn, W.—Systematischen Index der Cicindeliden. < Deutsche Ent. 
Zeitschr. f. 1905, App., pp. 56. 


— Fam. Cicindelide. <Gen. Ins., Fasc. 82a, pp. 104, pls. 4, 


CARABIDZE, 


Le Contes, J. L.—Notes on the classification of the Carabide of the 
United States. <Trans. Amer. Phil. Soc., ser. 2, x, pp. 363-403, 
1853. ) 

Horn, G. H.—On the genera of Carabidee, with special reference to 


the fauna of Boreal America. <Trans. Amer. Ent. Soc., rx, 
pp- 91-196, Pls. m1—x, 1882. 


Synopsis of the species of the tribe Lebini. <Trans. Amer. 
Ent. Soc., x, pp. 126-163, 1883. 
Notes on Amara s. g. Triena. <Trans. Amer, Ent. Soc., xrx, 
pp. 18-19, 1892. 
—— A study of Amara s. g. Celia. <Trans. Amer. Ent. Soc., x1x, 
pp. 19-40, 1892. 
Haywarp, R.—On the species of Bembidium of America, north of 
Mexico. <Trans. Amer. Ent. Soc., xxtv, pp. 32-143, 1897. 
Scrwarz, E. A.—Notes on Nomaretus, with descriptions of two new 
species. <Proc. Ent. Soc. Wash., 111, pp. 269-278, 1895. 


Haywarp, R.—A study of the species of Tachys of Boreal America. 
<Trans. Amer. Ent. Soc., xxv1, pp. 191-238, 1899 (1900). 
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Le Contr, J. L.—Synopsis of the North American species of Platy- 
nus, Bon. <Bul. Brooklyn Ent. Soc., 1, pp. 48-58, 1879. 
Haywarp, R.—Studies in Amara. <Trans. Amer. Ent. Scc., xxxiv, 
pp. 13-65, 1908. 
Rorscuke, H.—Monographie der Carabiden Tribus Cychrini. 
<Ann. Mus. Nat. Hung., v, pp. 9-277, 1907. 
Roussgravu, E.—Fam. Carabide, subfam. Omophronine. <Gen. Ins., 
Mase: 83, pp. 9, pl. 1, 1909. 
Farx, H. C.—On the affinities of the genus Tachycellus, with descrip- 
tions of new species from the Western United States. <Journ. 
=) N.Y. Ent. Soc., 1905, pp. 169-178. 
Tables of Tachycellus and Glycerius. 
— A review of the North American species of Notiophilus. 
< Psyche, 1906, pp. 79-92. 

Of most of our genera of this extensive family we have monographs 
or synopses by Le Conte, Horn, or Crotch, and the tables for the de- 
termination of the species are reproduced and augmented by some 
original tables in the Bulletin of the Brooklyn Entomological Society, 
from Volume I to Volume VI. 


HALIPLIDE. 


Crotcu, G. R.—Revision of the Dytiscide of the United States. 
<Haliplides, Trans. Amer. Ent. Soc., 1v, pp. 383-385, 1872-1873. 


DYTISCID®. 


Crorcu, G. R.—| See work just cited; Dytiscidee, pp. 385-424. | 
SHarp, D.—On. aquatic. carnivorous Coleoptera or Dytiscide. 
<Trans. Royal Dublin Soc., m, pp. 179-1003, plates, 1882. 
A monograph of the Dytiscidz of the whole world. 
Roserts, C. H.—The distinctive characters of the eastern species of 
the genera Dytiscus and Cybister. <Journ. N. Y. Ent. Soc., 
1905, pp. 103-107. 


Scu#rrer, Cuas.—On North American and some Cuban Copelatus. 
<Journ. N. Y. Ent. Soc., 1908, pp. 16-18. 
GYRINID®. 
Le Contr, J. L.—The Gyrinide of America, north of Mexico. 
<Proc. Acad. Nat. Sci. Phila., 1868, pp. 365-373. 


RecrmBart, M.—Essai monographique de la famille des Gyrinides. 
<Ann. Soc. Ent. France, 1882-1883, pls. 8. 
Treats of the Gyrinids of the whole globe. 
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Roserts, C. H.—The species of Dineutes of America, north of 
Mexico. <Trans. Amer. Ent. Soc., xx, pp. 279-288, 1895. 
Recimpart, M.—Fam. Gyrinide. <Gen. Ins., Fase. 1, pp. 12, pl. 1, 

1902. 
HYDROPHILIDE. 


Le Contr, J. L.—Synopsis of the Hydrophilide of the United States. 
<Proc. Acad. Nat. Sci. Phila., vi, pp. 356-375, 1855. 
Horn, G. H.—Revision of the genera and species of the tribe Hydro- 
biini. <Proe. Amer. Phil. Soc., 1873, pp. 118-137. 
Notes on the species of Ochthebius of Boreal America. 
<Trans. Amer. Ent. Soc., xvi1, pp. 18-26, 1890. 
A revision of the Spheridiini inhabiting Boreal America. 
<Trans. Amer. Ent. Soc., xvi, pp. 279-314, 1890. 
[See article under “ Local Lists.” | 
Table of Hydrocharis. 
Notes on some Hydrobiini of Boreal America. <Trans. 
Amer. Ent. Soc., xvi, pp. 237-278, 1890. 


Contains synopses of Philhydrus and allied genera and of Hydrobius 
and Creniphilus, Pls. 1 and Iv. 


Casey, T. L.—|See work cited under Cor enna | 
Table of species of Limnebius. — 

ZarrzEV, Pu.—Catalogue des Coléoptéres aquatiques des familles 
des Dryopide, Georysside, Cyathoceridee, Heteroceride, et Hy- 
drophilide. <Hor. Soc. Ent. Ross., 1908, pp. 188. 

Récimpart, M.—Revision des grands Hydrophiles. <Ann. Soe. 
Ent. France, 1902, pp. 188-232. 


SILPHID®. 
Le Conve, J. L.—Synopsis of the Silphales of America, north of 
Mexico. <Proc. Acad. Nat. Sci. Phila., vi, pp. 274-287, 1853. 


Horn, G. H.—Synopsis of the Silphide of the United States. with 
reference to the genera of other countries. <Trans. Amer. Ent. 
Soc., vii1, pp. 219-322, Pls. v-vmz, 1880. 


SCYDM.ENIDE. 
Le Conve, J. L.—Synopsis of the Seydmenide of the United States. 
<Proc. Acad. Nat. Sci. Phila., v1, pp. 149-157, 1854. 


Casgy, T. L.—Coleopterological notices, VII. <Ann. N. Y. Acad. 
Sci., x, pp. 285-684, 1897, 
Synopsis of the Scydmenide. 
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PSELAPHIDE, 


Le Contr, J. L.—On the Pselaphidee of the United States. < Boston 
Journ. Nat. Hist., vr, pp. 64-110, 1850. 
Brenpet, E.—Synopsis of the genera and species of the family 
Pselaphide. <Proc. Ent. Soc. Phila., v1, pp. 31-38, 1866-1867. 
Casry, T. L.—Euplectini. <Contributions to the descriptive and 
systematic Coleopterology of North America. Pt. IT, pp. 938-122, 
1884. 
Brenpver, E., and Wicknam, H.-F.—The Pselaphide of North 
America. <Bul. Lab. Nat. Hist. Univ. Iowa, 1, pp. 216-304; 11, 
pp. 1-84, pls. 7, 1890. 
Casry, T. L.—Pselaphide. Coleopterological notices, vu. <Ann. 
N. Y. Acad. Sci., 1v, pp. 550-630, 1897. 
Synoptic tables as follows: Genera allied to Trimium (pp. 556—558) ; 
Melba (p. 566) ; Arianops (p. 582); Reichenbachia (pp. 586-610) ; 
Nysaxis (pp. 610-611); Bythinus (pp. 614-615); Pilopius (pp. 
617-625) ; Cedius (pp. 625-626) ; Tyrus (pp. 627-630). 
Remarks on some new Pselaphide. <Can. Ent., 1908, pp. 
957-281. 
‘ Table of Rhexius, Oropus, Leptoplectus, and Batrisodes. 
Rarrray, A.—Essai monographique sur la tribu des Faronini. 
<Rev. d’Ent.,-1893, pp. 1-53, 157-196. 
Genera et catalogue des Psélaphides. Ent. Soc. France, pp. 
621, pls. 3, figs. 124. 
— Fam. Pselaphide. <Gen. Ins., Fasc. 64, pp. 488, pls. 9, 1908. 


SYTAPHYLINIDZ, 


Horn, G. H.—Synopsis of the genera and species of the Staphylinid 
tribe Tachyporini of the United States. <Trans. Amer. Ent. 
Soe., v1, pp. 81-128, pl. 1, 1877. 

Le Contr, J. L.—On certain genera of Staphylinide, Oxytelini, 


Piestide, and Micropeplide, as represented in the fauna of the 
>) 
United States. <Trans. Amer. Ent. Soc., v1, pp. 2138-252, 1877. 


Fauvet, A.—Staphylinides de VAmérique du Nord. Partie I. 
< Notices entomologiques, No. 7, 1878. 
Treats the Micropeplidie, Piestini, Phleocharini, Protinini, Homalini, 


and Oxytelini (incomplete). 


Casry, T. L.—I[See work cited under Corylophide. | 


Table of group of Homeeusa. 
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Horn, G. H.—Synopsis of the Quediini of the United States. 
<Trans. Amer. Ent. Soc., vir, pp. 149-167, 1879. 


Synopsis of the species of Staphylinus and the more closely 
allied genera inhabiting the United States. <Trans. Amer. 
Ent. Soc., vir, pp. 185-200, 1879. 


Lez Conte, J. L.—Short studies of North American Coleoptera. 
<Trans. Amer. Ent. Soc., vu, 1880. 


Tabulates the following genera: Leptacinus (p. 168), Leptalinus (p. 
171), Xantholinus (p. 171), Lathrobium (p. 174), Liparocephalus 
(p. 177), Stilicus (p. 178), Sunius (p. 179). 
Casry, T. L.—Revision of the Stenini of America, north of Mexico. 
Separate publication; Philadelphia, 1884. 


Horn, G. H.—A study of Cryptobium. of North America. <Trans. 
Amer. Ent. Soc., x11, pp. 85-106, pls. 1-2, 1885. 


Synopsis of the Philonthi of Boreal America. <Trans. 
Amer. Ent. Soc., x1, pp. 177-244, 1884. 


Casry, T. L.—A preliminary monograph of the North American spe- 
cies of Trogophleus. <Ann. N. Y. Acad. Sci., iv, pp. 322-3883, 
1889. 


—  Staphylinide. <Ann. N. Y. Acad. Sci., vi, 1893. 

Describes numerous new genera of the subfamily Aleocharinez, with 
synoptic tables of many genera. (See Henshaw’s Third Supple- 
ment. ) 

Ericuson, G. F.—Genera et species Staphylinorum. Berlin, 1840, 
pp. 954, pls. 5. 


Frenyres, A.—A preliminary, systematic arrangement of the Ale- 
ocharine (Coleoptera) of the United States and Canada. <Ent. 
News, 1908, pp. 56-65. 

Casey, T. L.—A revision of the American Pederini. <Trans. Acad. 
Sci. St. Louis, xv, pp. 17-248, 1905. 


Observations on the Staphylinid groups Aleocharine and 
Xantholinini, chiefly of America. <Trans. Acad. Sci. St. Louis, 
XvI, pp. 125-434, 1906. 


TRICHOPTERYGIDZ. 


MatrHews, A.—Trichopterygia illustrata et descripta. London, 
1872, pp. 188, pls. 31. 
A monograph of the Trichopterygidze of the whole world. 
Synopsis of North American Trichopterygide. <Trans. 
Amer. Ent. Soc., x1, pp. 113-156, 1884. 
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Le Contr, J. L.—Synopsis of the Scaphidiide of the United States. 


<Proc. Acad. Nat. Sci. Phila., 1860, pp. 321-324. 


Casry, T. L.—Coleopterological notices. V. <Ann. N. Y. Acad. 
Sci., vi, pp. 281-606, 1893. 
Synopsis of the Scaphidiide. 


[See work cited under Corylophide. ] 


Table of species of Scaphidium, Cyparium, Bzeocera, and Scaphiomicrus. 
PHALACRID&. 
Le Conte, J. L.—Synopsis of the Phalacride of the United States. 
<Proc. Acad. Nat. Sci. Phila., vir, pp. 15-17, 1856. 


Casry, T. L.—Coleopterological notices. I. <Ann. N. Y. Acad. 
Sci., v, pp. 39-185, 1891. 


Contains a synopsis of the Phalacrid:e. 
CORYLOPHIDZE. 


Le Contr, J. L.—Remarks upon the Coccinellide of the United 
States. <Proc. Acad. Nat. Sci. Phila., v1, pp. 129-145, 1852. 
The Corylophide# are treated on pp. 141-145. 
Casey, T. L.—Review of the American Corylophide, Cryptophagide, 
Tritomide, and Dermestide, with other studies. <Journ. N. Y. 
Ent. Soc., 1900, pp. 51-172. 


COCCINELLIDE. 


Moutsant, E.—Spécies des Coléoptéres triméres sécuripalpes. Lyon, 
1851. 2 vols.; 1 vol. supplement. Paris, 1853. 


A monograph of the Coccinellide of the whole world. 


Monographie des Coccinellides, 1" Partie. Coccinelliens. 
Paris, 1866, pp. 292. 


Le Contr, J. L.—Remarks upon the Coccinellide of the United 
States. <Proc. Acad. Nat. Sci. Phila., v1, pp. 129-141, 1852. 
Crorcn, G. R.—Revision of the Coccinellide of the United States. 

<Trans. Amer. Ent. Soc., 1v, pp. 363-382, 1873. 


Revision of the Coccinellide. Ed. by R. Rippon. London, 
1874. 


Treats of the Coccinellids of the whole world. 


Casry, T. L.—A revision of the American Coccinellide. <Journ. 
N, Y. Ent. Soc., 1899, pp. 71-163. 
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Horn, G. H.—Studies in Coccinellide. <Trans. Amer. Ent. Soc., 
XXII, pp. 81-114, 1895. 

Synopsis of Scymnus and some other genera. 

Lene, C. W.—Notes on Coccinellide. <Journ. N. Y. Ent. Soc., 
1908, pp. 35-45, pl. 1; 1903, pp. 193-213, pls. 2; 1908, pp. 33-44, 
pli. 

EROTYLIDE. 


- Lacorparre, J. T.—Monographie de la famille des Erotyliens. Paris, 
1842, pp. 548. 


Le Contr, J. L.—Synopsis of the Erotylide of the United States. 
<Proc. Acad. Nat. Sci. Phila., v1, pp. 158-163, 1854. 

Crotcu, G. R.—Synopsis ‘of the Erotylide of Boreal America. 
<Trans. Amer. Ent. Soc., 1v, pp. 349-358, 1873. 

Revision of the family Erotylide. <Cistula Ent., 1, pp. 377- 

572. London [1876]. 


Treats of the EHrotylide of the whole world. 


Kuunt, P.—Fam. Erotylide, subfam. Erotyline. <Gen. Ins., Fase. 
88, pp. 139, pls. 4, 1909. 


Fowter, W. W.—Fam. Erotylide, subfam. Languriine. <Gen. 
Ins., Fase. 78, pp. 45, pls. 3, 1909. 
Scu#rrer, C.—|See paper under Chrysomelidee. 
) pay ) 
Table of Languria. 
ENDOMYCHIDE. 
Le Contr, J. L.—Synopsis of the Endomychide of the United States. 
<Proc. Acad. Nat. Sci. Phila., v1, 1853, pp. 357-860. 
Gerstxcker, A.—Monographie der Endomychiden. Leipzig, 1858, 
pp. 433. 
Treats of the Endomychide of the whole world. 
Goruam, H. S.—Endomycici recitati. London, 1873, pp. 64. 


Crotrcn, G. R.—Synopsis of the Endomychide of the United States. 
<Trans. Amer. Ent. Soc., 1v. pp. 359-363, 1878. 

Csix1, E.—Catalogus Endomychidarum. <Termes. Fiizetek., xxv, 
pp. 93, 1901. 


COLYDIIDJE. 


Horn, G. H.—| Revision of the Bostrychide and] Synopsis of the 
Colydiide of the United States. <Proc. Amer. Phil. Soc., 
XVII, pp. 509-092, 1878. 
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Scu#rrer, Cuas.—A few new Coleoptera of the genus Bitoma, with 
notes on other Colydiide. <Proc. Ent. Soc. Wash., vit, pp. 
136-141, 1906. ; 

Table of Bitoma. 
RILTYSSODID®. 


Le Contr, J. L.—Notes on the Rhyssodide of the United States. 
<Trans. Amer. Ent. Soc., v, pp. 162-168, 1875. 

GROUVELLE, A.—Synopsis des Rhyssodides. <Rev. d’Ent., 1903, 
pp. 85-147. 

CUCUJIDE. 

Le Contes, J. L.—Synopsis of the Cucujides of the United States. 
<Proc. Acad. Nat. Sei. Phila., vr, pp. 73-79, 1854. 

Casry, T. L.—Revision of the Cucujide of America, north of Mex- 
ico. <Trans. Amer. Ent. Soc., x1, pp. 69-112, pls. 1v—viir, 1884. 


CRYPTOPHAGID.E. 


Cassy, T. L.—[See work cited under Corylophide. | 
A synopsis of the family. 


Horn, G. H.—[See work under “ Local Lists.” 


Table of Tomarus. 

MYCETOPHAGIDE. 
.Le Contr, J. L.—Synopsis- of the Mycetophagide of the United 
States. <Proc. Acad. Nat. Sci. Phila., vir, pp. 12-15, 1856. 


Horn, G. H.—[Synoptic tables of Mycetophagus, Triphyllus, and 
Litargus.] <Proc. Amer. Phil. Soc., xvi, pp. 603-608, 1878. 


Casey, T. L.—|See work cited under Corylophide. | 


A synopsis of Mycetophagide (Tritomide). 


DERMESTID.E. 
Lr Contr, J. L.—Synopsis of the Dermestide of the United States. 
<Proec. Acad. Nat. Sci. Phila., vir, pp. 106-113, 1854. 


JAYNE, H. F.—Revision of the Dermestide of the United States. 
<Proc. Amer. Phil. Soc., xx, pp. 343-377, pls. 14, 1882. 


Casey, T. L.—[See work cited under Corylophide. ] 
A synopsis of this family. 


HISTERID.L. 


Lx Contr, J. L.—A monograph of the North American Histeroides. 
< Boston Journ. Nat. Hist., v, pp. 32-66, plates, 1845, 
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Lr Contr, J. L.—Synopsis of the species of the Histeroid genus 
Abreeus Leach, inhabiting the United States, with descriptions 


of two nearly allied genera. <Proc. Acad. Nat. Sci. Phila., vz, 
pp. 287-292, 1853. 


pE Marsrun, S. E.—Essai monographique sur la famille des Histé- 


rides. 2 vols. and supplement. Paris, 1853-1861, 38 pls. <Ann. 
Soc. Ent. France. 


A monograph of the Histeridze of the whole world. 


Horn, G. H.—Synopsis of the Histeride of the United States. 
<Proc. Amer. Phil. Soc., x11, pp. 273-860, plate, 1873. 


Casey, T. L.—Histeride. <Ann. N. Y. Acad. Sci., vir, 1893. 


Gives synoptic tables or partial tables of various genera, enumerated in 
Henshaw’s Third Supplement. 


Lewis, G.—A systematic catalogue of Histeride. London, 1905, 
pp. 81. | 


Scuarrer, Cuas.—Notes on Histeride. <Ent. News, 1907, pp. 301- 
306. 


Table of Hololepta. 
NITIDULIDE. 
Horn, G. H.—Revision of the Nitidulide of the United States. 
<Trans. Amer. Ent. Soc., vi1, pp. 267-336, 1879. 


Muvrray, A.—Monograph of Nitidulide. <Trans. Linn. Soc. Lond., 
XxIv, pp. 211-414, 1864. 


Only the first part has been published. 


MONOTOMIDE. 


Horn, G. H.—Synopsis of the Monotomide of the United States. 
<Trans. Amer. Ent. Soc., vi1, pp. 257-267, 1879. 


TROGOSITID. 


Liverntn, A.—Catalogus Temnochilidum (seu Trogositidum) inter 


annos 1758-1900 editorum. <Ann. Soc. Ent. France, 1900, pp. 
1-26. 


Horn, G. H.—Monograph of the species of Trogosita inhabiting the 
United States. <Proc. Acad. Nat. Sci. Phila., 1862 (1863), pp. 
82-88. 


LATHRIDIID. 
von Manneruerm, C. G.—Versuch einer monographischen Darstel- 


lung der Kifergattungen Corticaria und Lathridius. <Ger- 
mar’s Zeitschr. f. Ent., v, pp. 1-112, 1845. 
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Lz Contr, J. L.—Synopsis of the Lathridiides of the United States 
and northern contiguous territories. <Proc. Acad. Nat. Sci. 
Phila., vit, pp. 299-305, 1855. 


Fatt, H. C.—Revision of the Lathridiide of Boreal America. 
<Trans. Amer. Ent. Soc., xxv, pp. 101-190, pls. 3, 1899. 


Berton, O. P.—Essai de classification générale des Lathridiide, avec 
le catalogue systématique et alphabetique de toutes les espéces du 
Globe. <Rev. d’Ent., 1897, pp. 105-221. 


Beton, M. J.—Fam. Lathridiide. <Gen. Ins., Fase. 3, pp. 40, pl. 1, 
1902. 
BYRRHID®. 


Lx Contr, J. L.—Synopsis of the Byrrhide of the United States. 
<Proc. Acad. Nat. Sci. Phila., vir, pp. 113-117, 1854. 


Wicxuam, H. F.—The North American species of Pedilophorus. 
<Can. Ent., 1903, pp. 179-182. 


DASCYLLIDZ. 


Lr Contr, J. L.—Synopsis of the Atopide, Rhipiceride, and Cy- 
phonide of the United States. <Proc. Acad. Nat. Sci. Phila., 
VI, pp. 350-357, 1853. 


Horn, G. H.—Synopsis of the Dascyllide of the United States. 
<Trans. Amer. Ent. Soc., v1, pp. 76-114, plate, 1880. 


RHIPICERIDE. 


Le Conte, J. L.—[See paper under Dascyllide. | 
Horn, G. H.—Notes on Elateride, Cebrionide, Rhipiceride, and 
g Dascyllide. <Trans. Amer. Ent. Soc., 1x, pp. 85-86, 1881. 
PARNIDZE. 

Le Contr, J. L.—Synopsis of the Parnide of the United States. 
<Proc. Acad. Nat. Sci. Phila., v1, pp. 41-45, 1859. 

Horn, G. H.—Synopsis of the Parnide of the United States. 
<Trans. Amer. Ent. Soc., 11, pp. 29-42, 1870. 


HETEROCERID. 


Horn, G. H.—The species of Heterocerus of Boreal America. 
<Trans. Amer. Ent. Soc., xvi, pp. 1-17, 1890. 
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ELATERIDZE. 


Lr Contre, J. L.—Revision of the Elateride of the United States. 
<Trans. Amer. Phil. Soc., x, pp. 405-508, 1853. 

pe Canpizn, E—Monographie des Elatérides. 4 vols. and 3 supple- 
ments. Liege, 1857-1881. 


pE Bonvoutorr, H.—Monographie de la famille des Euenémides. 
<Ann. Soc. Ent. France, 4 ser., T. 10, part supplémentaire. 
Paris, 1871-1875, pp. 907, pls. 42. 

Horn, G. H.—Notes on Elateride, Cebrionide, Rhipiceride, and 
Dascyllide. <Trans. Amer. Ent. Soc., 1x, pp. 76-90, Pls. 1, u, 
1881. 

Tabulates Aplastus (p. 77); Plastocerus (p. 78); Euthysanius (p. 79) ; 
and the subfamily Cebrioninie (p. 82). 

Le Conte, J. L.—Short studies of North American Coleoptera (No. 
2). <Trans. Amer. Ent. Soc., x11, pp. 1-32, 1884. 

Tabulates Drasterius (p. 4); Megapenthes (p. 6); Elater (p. 8); 
Agriotes (p. 15). 

Horn, G. H.—A study of some genera of Elateride. <Trans. Amer. 

Ent. Soc., xi1, pp. 33-52, 1884. 
Tabulates Horistonotus (p. 384); Esthesopus (p. 41); Ludius (p. 45) ; 
Eniconyx (p. 51). 
A monograph of the species of the subfamilies Eucnemine, 
Cerophytine, and Perothopine, inhabiting the United States. 
<Trans. Amer. Ent. Soc., x11, pp. 5-58, 1886. 


A monograph of the species of Cryptohypnus of Boreal 
America. <Trans. Amer. Ent. Soc., xvii, pp. 1-29, 1891. 


Biancuarp, F.—Revision of the species of Cardiophorus Esch. of 
America, north of Mexico. <Trans. Amer, Ent. Soc., xv1, pp. 
1-27, 1889. 


Scuwarz, O.—Fam. Elateride. <Gen. Ins., Fase. 46, pp. 370, pls. 6, 
1907. 


Fatt, H. C.—A new Chalcolepidius. <Ent. News, 1898, pp. 238- 
239. 


Casey, T. L.—[See paper under Tenebrionide. | 


Table of Chalcolepidius. 


THROSCIDE. 
DE BonvouLorr, H.—Essai monographique sur la famille des Thros- 
cides. Paris, 1859-1860; with supplement, pp. 144, pls. 5. 


Horn, G. H.—Synopsis of the Throscide of the United States, 
<Trans. Amer. Ent. Soc., xu, pp. 198-208, 1885. 
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BUPRESTIDE. 


CasTELNAU DE Laportr, F. L., et Gory, H.—Monographie des Bu- 
prestides. <Hist. Nat. Icon. Coléoptéres, Paris, 1835. 


Le Conte, J. L.—Revision of the Buprestidz of the United States. 
<Trans. Amer. Phil. Soc., x1, pp. 187-258, 1859. 

Crorcu, G. R.—Notes on the species of Buprestidee found in the 

United States. <Proc. Acad. Nat. Sci. Phila., 1873, pp. 84-96. 


Horn, G. H.—Revision of some genera of Buprestide. <Trans. 
Amer. Ent. Soc., x, pp. 101-112, 1882. 
Revises the group Anthaxie. 
—A monograph of the species of Chrysobothris inhabiting the 
United States. <Trans. Amer. Ent. Soc., xm, pp. 65-123, Pls. 
1I—vil, 1886. 


Fatt, H. C.—Synopsis of the species of Acmeodera of America, 
north of Mexico. <Journ. N. Y. Ent. Soc., 1899, pp. 1-87. 


Horn, G. H.—The species of Agrilus of Boreal America. <Trans. 
Amer. Ent. Soc., xvii, pp. 277-836, 1891. 


Kerrremans, Cu.—Monographie des Buprestides. Bruxelles, 1906— 
1909, I, pp. 536, pls. 10; II, pp. 623, pls. 6; IIT, pp. 602, pls. 6. 
Complete in 5 vols. ; 
—Fam. Buprestide. <Gen. Ins., Fase. 12, pp. 338, pls. 4, 
1903. ; 
Scuarrer, C.—| See paper under Chrysomelide. | 
Table of Actenodes. 
Casry, T. L.—Studies in the American Buprestidae. <Proc. Wash. 
Acad. Sci., x1, pp. 47-178, 1909. 
Synopses of Hippomelas, Gyascutus, Psiloptera, Chalcophora, Buprestis, 
and Dicerca. 
Sxrnner, H.—Notes on Buprestidee, with descriptions of new species. 
<Ent. News, 1903, pp. 236-239. 
Table of Tyndaris. 
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Lr Contr, J. L.—Synopsis of the Lampyrides of Temperate North 
America. <Proc. Acad. Nat. Sci. Phila., v, pp. 331-3847, 1851. 
—— Synopsis of the Lampyride of the United States. <Trans. 
Amer. Ent. Soc., x, pp. 15-72, 1881. 
Ouivirr, E.—Lampyride. <Gen. Ins., Fase. 53, pp. 74, pls. 3, 1907. 
—— Etudes sur les Lampyrides. <Ann. Soc. Ent. France, 1886, 
pp. 201-216. 
Table of Photuris. 
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Le Contr, J. L.—Catalogue of the Melyrides of the United States, 
with descriptions of new species. <Proc. Acad. Nat. Sci. Phila., 
VI, pp. 163-171, 1852 

Revision of the Dasytini of the United States. <Proc. Acad. 

Nat. Sci. Phila., 1866, pp. 349-361. 


Horn, G. H.—Synopsis of the Malachide of the United Sate 
<Trans. Amer. Ent. Soc., 1v, pp. 109-127, 1872. 

Casry, T. L.—[Synopsis of the] Melyride. <Ann. N. Y. Acad. 
Sci., vir, pp. 456-606, 1895. 


CLERID. 


Sprnota, M.—Essai monographique sur les Clérites, insectes Coléop- 
teres. Geneva, 1844, pls. 47; I, pp. 386; II, pp. 226. 


Le Contr, J. L.—Synopsis of the Coleopterous insects of the group 
Cleridz which inhabit the United States. <Ann. Lye. Nat. 
Hist. New York, v, pp. 9-35, 1849. 


Horn, G. H.—Synopsis of the species of Cymatodera and Trichodes 
of the United States. <Trans. Amer. Ent. Soc., v, pp. 220-232, 
1876. 

Woxcorr, A. B.—North American species of Chariessa (Coleoptera). 
<Ent. News, 1908, pp. 70-72. 

Lonpr, R.—Cleridarum Catalogus. <Stett. Ent. Zeit., 1900, pp. 
3-148. 

SCHENKLING, S.—Fam. Cleridx. <Gen. Ins., Fase. 13, pp. 124, pls. 
D, 1903. 

PTINIDE. ° 


Borprevu, A.—Monographie de la tribu des Ptiniores. <Ann. Soe. 
Ent. France, 1856, pp. 285-315. 


A monograph of the subfamily Ptinine. 


Le Contr, J. L.—Prodromus of a monograph of the species of the 
tribe Anobiini, of the family Ptinide, inhabiting North America. 
<Proc. Acad. Nat. Sci. Phila., 1865, pp. 222-244. 


Horn, G. H.—Revision of the Bostrichide of the United States. 
<Proc. Amer. Phil. Soc., xvi, pp. 540-555, 1878. 

Casry, T. L.—Studies in Ptinidee, Cioidee, and Sphindide. <Journ. 
N. Y. Ent. Soc., 1898, pp. 61-65. 


Contains table of North American genera of Bostrichini, with synoptic 
tables of species, pp. 65-76. 
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Horn, G. H.—[See article under “ Local Lists.”] 
Table of Trichodesmus. 


Fatt, H. C.—Revision of the Ptinide of Boreal America. <Trans. 
Amer. Ent. Soc., xxx1, pp. 97-296, 1905. 


Lusne, P.—Revision des Coléoptéres de la famille des Bostrichide. 
<Ann. Soc. Ent. France, I, 1896, pp. 95-127; II, 1897, pp. 319- 
350; ITT, 1898, pp. 438-621; IV, 1900, pp. 473-639. 


CIOIDA. 
Metin, J.—Monographie de l’ancien genre Cis des auteurs. <Ann. 
Soc. Ent. France, 1848, pp. 205-274, 313-396, pls. 4. 


Casry, T. L.—[See work just cited under Ptinide. ] 


Contains a synopsis of the North American Cioidze and Sphindide, 
pp. 76-93. 
CUPESID ®. 


Le Contr, J. L.—On the Cupeside of North America. <Trans. 
Amer. Ent. Soc., v, pp. 87-88, 1874. 
LUCANIDZ. 


Fucus, C.—Synopsis of the Lucanide of the United States. <Bul. 
Brooklyn Ent. Soc., v, pp. 49-52, 57-60, pl. 1, 1882. 

van Roon, G.—Naamlijst der Lucaniden. <Tijd. voor Ent., 1905, 
pp. 83-180. 

Kuwert, A.—Die Passaliden dichotomisch bearbeitet. <Nov. Zool., 
i, pp. 209-230, 1896; 1v, pp. 274-306, 1897; v, pp. 1387-205, 259- 
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Wrtsman, M. P.—Catalogue systématique des Passalides. <Ann. 
Mus. Genova, (2) 1, pp. 326-348, 1884. 


SCARABEID AE. 


Burmetster, H.—Handbuch der Entomologie. III, Coleoptera La- 
mellicornia Melitophila. Berlin, 1842. 


Lr Con7r, J. L.—Notice of three genera of Scarabeide found in the 
United States. <Proc. Acad. Nat. Sci. Phila., vir, pp. 19-25, 
1856. 


Treats of Ligyrus, Aphonus, and Polymeechus. 


Synopsis of the Melolonthidee of the United States. <Journ. 
Acad. Nat. Sci. Phila., ser. 2, m1, pp. 225-288, 1856. 


Horn, G. H.—Notes on some genera of Coprophagous Scarabeidx 
of the United States. <Trans. Amer. Ent. Soc., m1, pp. 42-51, 
1870. 


Tabulates Copris (p. 42) ; Canthon (p. 44) ; Amechanus (Bradycinetus) 
(p. 48) ; Bolboceras (p. 49) ; Odontzeus (p. 50). 


70 WORKS ON NORTH AMERICAN ENTOMOLOGY. 


Horn, G. H.—Description of the species of Aphodius and Dialytes 
of the United States. <Trans. Amer. Ent. Soc., m1, pp. 110- 
134, 1870. 

Synopsis of Aphodiini of the United States. <Trans. Amer. 
Ent. Soc., m1, pp. 284-297, 1871. 


Continuation of the foregoing paper. 


Descriptions of new Coleoptera of the United States, with 
notes on known species. <Trans. Amer. Ent. Soc., m, 1870-1871. 


Tabulates Cyclocephala (p. 334); Catalpa (p. 337); Cremastochilus 
(p. 339). 


Synonymical notes and descriptions of new species of North 
American Coleoptera. <Trans. Amer. Ent. Soc., v, pp. 126-156, 
1875. 


Tabulates Onthophagus (p. 187) ; Ligyrus (p. 148); Strategus (p. 1438). 


Revision of the United States species of Ochodeeus and other 
genera of Scarabeeide. <Trans. Amer. Ent. Soc., v, pp. 177-197, 
1876. 

Tabulates Ochodzus (p. 177); Macrodactylus (p. 188) ; Dichelonycha 

(p. 185) ; Coenonycha (p. 192); Trichius (p. 194). 
— Contributions to the Coleopterology of the United States, No. 
3. <Trans. Amer. Ent. Soc., wi, pp. 189-154, 1880. 
Tabulates Geotrupes (p. 144); Phileurus (p. 147), and describes the 
species of Plectrodes (p. 145). 
Brancnarp, F.—On the species of Canthon and Phanus of the 
United States, with notes on other genera. <Trans. Amer. Ent. 
Soc., x1, pp. 163-172, 1885. 


Horn, G. H.—A monograph of the Aphodiini inhabiting the United 
States. <Trans. Amer. Ent. Soc., x1v, pp. 1-110, 1887. 


Supersedes the two papers cited above. 


Revision of the species of Lachnosterna of America north of 
Mexico. <Trans. Amer. Ent. Soc., xiv, pp. 209-296, Pl. 111, 1887. 


Notes on the species of Anomala inhabiting the United States. 
<Trans. Amer. Ent. Soc., x1, pp. 157-164, 1884. 


Smiru, J. B.—Notes on the species of Lachnosterna of temperate 
North America, with description of new species. <Proc. U.S. 
Nat. Mus., x1, pp. 481-525, pls. 48-60, 1888. 

Horn, G. H.—Synopsis of the Euphorie of the United States. 
<Proc. Amer. Phil. Soc., xvmi, pp. 397-408, Pl. 1v, 1879. 


A monographie revision of the species of Cremastochilus of 
the United States. <Proc. Amer. Phil. Soc., xviir, pp. 382-397, 
Pl. 1v, 1879. 
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Horn, G. H.—[See article under “ Local Lists.”’] 
Table of Chnaunanthus. 
Boucomonr, A.—Fam. Geotrupide. <Gen. Ins., Fasc. 7, pp. 20, 
pl. 1, 1902. 
Briancuarp, F.—Some account of our species of Geotrupes. < Psyche, 
v, pp- 103-110, 1888. 


Fatt, H. C——The North American species of Glaresis. <Psyche, 
1907, pp. 23-26. 
A short synopsis of the species of Ochodzeus inhabiting the 
United States. <Journ. N. Y. Ent. Soc., 1909, pp. 30-38. 


Revision of the species of Diplotaxis of the United States. 
<Trans. Amer. Ent. Soc., xxxv, pp. 1-97, pl. 1, 1909. 


Notes on Dichelonycha and Cantharis, with descriptions of 
new species in other genera. <Trans. Amer. Ent. Soc., xxvii, 
pp. 277-310, 1901. 

Tables of Dichelonycha, Cantharis, and Scythropus. 

Horn, G. H.—Pleocoma Lec., its systematic position and indication 
of new species. <Ent. Amer., 11, pp. 233-2385, 1888. 

Scu#rrer, Cuas.—On Bradycinetus and Bolboceras of North 
America, with notes on other Scarabeide. <Trans. Amer. Ent. 
Soc., XXx1I, pp. 249-260, 1906. 

—— New Scarabeide. <Journ. N. Y. Ent. Soc., 1907, pp. 60-75. 

Table of Anomala and Strigoderma. 

Wicxuam, H. F.—The North American species of Cotalpa. <Journ. 

N. Y. Ent. Soc., 1905, pp. 1-4. 


CERAMBYCIDZE. 


Hatpeman, 8. S.—Materials toward a history of the Coleoptera Lon- 
gicornia of the United States. <Trans. Amer. Phil. Soc., x, 
pp. 27-67; and Proc. Amer. Phil. Soc., 1v, pp. 371-376, 1847. 


Lr Contr, J. L.—An attempt to classify the Longicorn Coleoptera 
of the part of America north of Mexico. <Journ. Acad. Nat. 
Sci. Phila., 1, pp. 311-340, 1850; u, pp. 5-38, 99-112, 139-178, 
1852. 

Note on the classification of the Cerambycide, with descrip- 
tions of new species. <Proc. Acad. Nat. Sci. Phila., 1862, pp. 
38-49. 

New species of North American Coleoptera. Prepared for the 
Smithsonian Institution. Pt. Il. <Smithsonian Miscellaneous 
Collections, x1, 1874. 

Tabulates the following genera: Criocephalus (p. 169) ; Eburia (p.179) ; 
Elaphidion (p. 181); Aneflus (p. 185); Crossidius (p. 196); Ac- 
mops (p. 208); Strangalia (p. 212); Typocerus (p. 2138); Lep- 
tura (p. 215); Monilema (p. 229); Monohammus (p. 231) ; Pogo- 
nocherus (p. 287); Saperda (p. 288). 
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Horn, G. H.—Notes on some genera of Cerambycide of the United 

States. <Trans. Amer. Ent. Soc., vu, pp. 41-50, 1878. 
Gives tables of Pogonocherus (p. 42); Mecas (p. 44); Oberea (p. 45) ; 
Tetraopes (p. 48); Tetrops (p. 50). 
Notes on some genera of Cerambycide, with descriptions of 
new species. <Trans. Amer. Ent. Soc., vim, pp. 115-133, 1880. 
A complete revision of the tribe Acanthoderini (p. 115); tables of 
AMthecerus (p. 183) ; Cyllene (p. 184). 

Lenc, C. W.—Synopsis of Coleoptera [Cerambycide]. <Bul. 
Brooklyn Ent. Soc., vir, No. 1, p. 7, 1884, and in subsequent num- 
bers; continued in Entomologica Americana, Vols. I-VI. 

The tables are partly reproduced from those given by Le Conte or 
Horn, and are partly original by Horn or by Leng. 

Horn, G. H.—Descriptions of some new Cerambycidee, with notes. 
<Trans. Amer. Ent. Soc., x11, pp. 178-197, 1885. 

Tables of Oxoplus (p. 175) ; Stenosphenus (p. 177) ; Monilema (p. 180) ; 
Monohammus (p. 190); Goes (p. 198); Doreaschema (p. 198) ; 
Oncideres (p. 194); Eupogonius (p. 196); Dysphaga (p. 197). 

Lene, C. W., and Hamizron, J.—The Lamiine of North America. 
<Trans. Amer. Ent. Soc., xx, pp. 101-178, 1896. 

Feit, E. P., and Jourenr, L. H—Monograph of the genus Saperda. 
<Bul. 74, N. Y. State Mus., pp. 86, pls. 14, 1904. 

Scuarrer, C.—Two new Oncideres, with notes on some other Cole- 
optera. <Can. Ent., 1906, pp. 18-23. 

Table of Oncideres and Polycesta. 

Casey, T. L.—New species of Pemphus and Tragosoma. <Ent. 

News, 1899, pp. 97-99. 
Table of Tragosoma. 

Wess, J. L.—Description of a new species of Desmocerus, with a 
synoptic table of the genus. <Proc. Ent. Soc. Wash., vi, pp. 
104-105, 1905. 

Scuarrer, C.—Four new Cerambycide. <Journ. N. Y. Ent. Soc., 
1909, pp. 99-108. 


Table of Pogonocherus. 
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Lacorparre, J. T.—Monographie des Coléoptéres subpentaméres de 
la famille des Phytophages. 2 vols., Bruxelles, 1845. 


Surrrian, E.—Monographie und kritisches Verzeichniss der nord- 
amerikanischen Cryptocephalen. <Linnea Ent., vi-vin, 1852- 
1854. 
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Roecers, W. F.—Synopsis of the species of Chrysomela and allied gen- 
era inhabiting the United States. <Proc. Acad. Nat. Sci. 
Phila., vir, pp. 29-39, pl. 1, 1856. 


A synopsis of the present tribe Chrysomelini. 


Le Conte, J. L.—On the species of Galeruca and allied genera in- 
habiting North America. <Proc. Acad. Nat. Sci. Phila., 1865, 
pp. 204-222. 
A review of Galerucini genuini. 
Crorcu, G. R.—Materials for the study of the Phytophaga of the 
United States. <Proc. Acad. Nat. Sci. Phila., 1873, pp. 19-83. 


A revision of most of the North American genera of Chrysomelide, 
omitting most of the Cryptocephalini, the Galerucini genuini, and 
the genera Haltica and Longitarsus. 

Le Contr, J. L.—Short studies of North American Coleoptera. 
<Trans. Amer. Ent. Soc., vir, pp. 163-218, 1880. 


Gives synoptic tables of Monachus (p. 195); Diachus (p. 196); Tria- 
chus (p. 197); Bassareus (p. 198); Cryptocephalus (p. 199) ; 
Pachybrachys (p. 204). 

Horn, G. H.—Miscellaneous notes and short studies of North Amer- 
ican Coleoptera, Chrysomelide, Hispini. <Trans. Amer. Ent. 
Soc., x, pp. 290-303, 1883. 


A synopsis of the Halticini of Boreal America. <Trans. 
Amer. Ent. Soc., xvi, pp. 163-320, 1889. 


The Galerucini of Boreal America. <Trans. Amer. Ent. 
Soc., xx, pp. 57-136, 1893. 

The Eumolpini of Boreal America. <Trans. Amer. Ent. 
Soc., x1x, pp. 195-234, 1892. 

Studies in Chrysomelide. <Trans. Amer. Ent. Soc., xrx, pp. 
1-18, 1892. 

Lene, C. W.—Revision of the Donacie of Boreal America. <Trans. 
Amer. Ent. Soc., xvii, pp. 159-176, 1891. 

Strat, C. Monographie des Chrysomelides de l’Amerique. < Act. 
Soc. Roy. Sci. Upsal., 1862, pp. 1-86; 1863, pp. 87-176; 1865, 
pp. 177-365. 

Lineii, M. L.—New species of Coleoptera of the family Chrysome- 
lidee, with short review of the tribe Chlamydini. <Proc. U. S. 
Nat. Mus., xx, pp..473-485, 1897. 


A short revision of the Chrysomelas of North America. 
<Journ. N. Y. Ent. Soc., 1896, pp. 195-200. 


Horn, G. H.—[See article under “ Local Lists.”] 
Tables of Phyllecthrus and Phyllobrotica. 
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1903. 


Jacosy, M., et Cuavargau, H.—Fam. Donacide. <Gen. Ins., Fase. 
21, pp. 14, pl. 1, 1904. 


Fam. Crioceride. <Gen. Ins., Fasc. 23, pp. 40, pls. 


5, 1904. 
Fam. Megalopide. <Gen. Ins., Fasc. 33, pp. 20, pls. 2,-1905. 
Fam. Clytride. <Gen. Ins., Fasc. 49, pp. 87, pls. 5, 1906. 


Scuarrer, Cuas.—New genera and species of Coleoptera. <Journ. 
N. Y. Ent. Soc., 1904, pp. 197-263. 


Tables of Languria, Fidia, Anthribus, Myochrous, and Actenodes. 
BRUCHIDZE., 


Horn, G. H.—Revision of the Bruchide of the United States. 
<Trans. Amer. Ent. Soc., rv, pp. 311-842, 1873. 


TENEBRIONIDE. 


Horn, G. H.—Revision of the Tenebrionide of America, north of 
Mexico. <Trans. Amer. Phil. Soc., n. ser., xiv, pp. 253-404, 
pls. 2, 1870. 

Casey, T. L.—Coleopterological notices. II. <Ann. N. Y. Acad. 
Sci., v, pp. 307-503, 1890. 

Contains synopses of various groups and genera of Tenebrionidie which 
are enumerated in Henshaw’s Third Supplement. 

Buatspeti, F. E.—A monographic revision of the Coleoptera belong- 
ing to the Tenebrionide tribe Eleodiini inhabiting the United 
States, Lower California, and adjacent islands. < Bul. 63, U.S. 
Nat. Mus., 1909, pp. 524, pls. 13. 

Casey, T. L.—A revision of the Tenebrionid subfamily Coniontine. 
<Proc. Wash. Acad. Sci., x, pp. 51-166, 1908. 

Notes on Chalcolepidius and the Zopherini. <Can. Ent., 1907, 
pp. 29-46. 

Horn, G. H.—[See under “ Local Lists.” ] 


Tables of Trimytis and Eusattus. 


Casry, T. L.—Revision of the American components of the Tene- 
brionid subfamily Tentyrine. <Proc. Wash. Acad. Sci., 1x, 
pp. 275-522, 1907. 

Fatt, H. C.—Coleopterological notes, synonymical and descriptive. 
<Ent. News, 1907, pp. 174-177. 

Table of Alzephus. 
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CISTELIDZ. 


Casry, T. L.—Coleopterological notices. III. <Ann. N. Y. Acad. 
Sci., v1, pp. 9-214, 1892. 
Contains synopses of the Cistelidze and of the tribe Cleonini of the 
Curculionide. 
Horn, G. H.—[See under “ Local Lists.” 
Table of Lystronychus. 


OTHNIIDA. 


The few species of the single genus constituting this family have 
been tabulated by Doctor Horn in Trans. Amer. Ent. Soc., 11, pp. 
132, 133, 1868. 

LAGRIDE. 


Horn, G. H.—Miscellaneous Coleopterous studies. <Trans. Amer. 
Ent. Soe., xv, pp. 2648, 1888. 
Contains on pp. 28-382 a synopsis of the family. 
ScuHarrer, CHas.—Three new species of the genus Statira Latreille. 
<Journ. N. Y. Ent. Soc., 1905, pp. 179-181. 
Table of species. 
PYTHIDA. 


Excepting the table of Cononotus, by Horn (Trans. Amer. Ent. Soc., 
1, p. 136, 1868), and a table of Pytho, by the same author (ibid., 
xv, p. 45, 1888), we have no synoptic papers on this family. 


CGEDEMERIDZE. 


Le Conte, J. L.—Synopsis of the Gidemeride of the United States. 
<Proec. Acad. Nat. Sci. Phila., vi1, pp. 20-22, 1854. 

Horn, G. H.—The Cidemeride of Boreal America. <Proc. Cal. 
Acad. Sci., v1, pp. 382-421, 1896. 


CEPHALOIDZE. 


The few species composing this family are tabulated by Le Conte in 
E. P. Austin’s catalogue of the Coleoptera of Mount Washington, 
N.H. <Proc. Boston Soc. Nat. Hist., xvi, pp. 265-276, 1874. 

Horn, G. H.—[See under “ Local Lists.” | 

Table of Cephaloon. 

Casry, T. L.—Studies in Cephaloide. <Ent. News, 1898, pp. 

193-195. 


Table of genera and table of Sponidium. 


MORDELEIDE. 


Le Contr, J. L.—Synopsis of the Mordellide of the United States. 
<Proc. Acad. Nat. Sci. Phila., 1862, pp. 43-51. 
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SmirH, J. B.—A synopsis of the Mordellide of the United States. 
<Trans. Amer. Ent. Soc., x, pp. 78-100, Pls. 1-111, 1882. 


RHIPIPHORIDA. 


Le Contr, J. L.—Note on the species of Myodites Latr., inhabiting 
the United States. <Proc. Acad. Nat. Sci. Phila., 1865, pp. 
96-98. See also “ Short studies of North American Coleoptera.” 
<Trans. Amer. Ent. Soc., vir, p. 210, 1880. 

Horn, G. H.—Notes on the species of Rhipiphorus of the United 
States. <Trans. Amer. Ent. Soc., v, pp. 121-125, 1875. 


MONOM MIDE. 


Tuomson, J.—Monographie de la famille des Monommides. <Ann. 
Soc. Ent. France, 1860, pp. 5-88. 
A monograph of the family of the whole world. The few (four) species 
hitherto found in North America are tabulated by Horn in Trans. 
Amer. Hnt. Soe., Iv, p. 150, 1872. 


MELANDRYIDZE. 


A table of Hallomenus, by Le Conte (Proc. Amer. Phil. Soc., xvi, 
pe ol9, 1878): 
Horn, G. H.—Notes on the Mycteride and other Heteromera. 
<Trans. Amer. Ent. Soc., vir, pp. 336-339, 1879. 
Tabulates Mycterus and Lacconotus. 
Miscellaneous Coleopterous studies. <Trans. Amer. Ent. 
Soc., xv, pp. 26-48, 1888. 
Contains on pp. 32-44 a revised table of the tribes of Melandryide and 
tables of the genera HEustrophus, Holostrophus, Orchesia, and 
Hypulus. 
Casey, T. L.—[ See work cited under Corylophide. | 


Contains table of tribe Tetratomini. 
ANTHICIDZA. 


DE LA Ferrb-Senectere, F.—Monographie des Anthicus et genres 
voisins, Coléoptéres hétéroméres de la tribus des Trachélides. 
Paris, 1848, pp. 340, pls. 16. 

Le Contr, J. L.—Synopsis of the Anthicites of the United States. 
<Proc. Acad. Nat. Sci. Phila.,.v1, pp. 91-104, 1852. 

— Synopsis of the Pyrochroide of the United States. <Proc. 
Acad. Nat. Sci. Phila., viz, pp. 270-275, 1855. 


The tribes Pedilini, Xylophilini, and Macratrini, formerly attached to 
the Pyrochroide, are here treated. 
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Horn, G. H.—Synopsis of the species of Corphyra Say, of the United 
States. <Trans. Amer. Ent. Soc., 11, pp. 278-283, 1871. 
For subsequent tables by Doctor Horn of the same genus see Trans. 
Amer. Ent. Soc., v, p. 40, 1874, and ibid., x, pp. 305-310, 1883. 
Casgy, T. L.—Coleopterological notices. VI. <Ann. N. Y. Acad. 
Sci., vir, pp. 485-838, 1895. 
Synopsis of the Anthicide. 


Horn, G. H.—Synopsis of the United States species of Notoxus and 
Mecynotarsus. <Trans. Amer. Ent. Soc., x1, pp. 165-176, 1884. 


Pic, M—Fam. Hylophylide. <Gen. Ins., Fase. 8, pp. 14, pl. 1, 
1902. 


Wicxuam, H. F.—A review of the species of Tanarthropsis Casey. 
<Trans. Amer. Ent. Soc., xxxu1, pp. 165-172, 1906. 


PYROCHROID_E. 


Le Contr, J. L.—Synopsis of the Pyrochroide of the United States. 
<Proc. Acad. Nat. Sci. Phila., vir, pp. 270-275, 1855. 


Horn, G. H.—Miscellaneous Coleopterous studies. <Trans. Amer. 
Ent. Soc., xv, 1888. 


Contains, on p. 47, a table of Dendroides. 


MELOIDE. 


Le Contr, J. L.—Synopsis of the Meloides of the United States. 
=< Proc. Acad. Nat. Sci. Phila., v1, pp. 328-350, 1853. 


Horn, G. H.—Revision of the species of several genera of Meloidee 
of the United States. <Proc. Amer. Phil. Soc., x11, pp. 88-117, 
1873. 

Gives tables of Macrobasis (p. 88); Epicauta (p. 95); Cantharis (p. 
108) ; Pomphopcea (p. 115). 

— Studies among the Meloide. <Trans. Amer. Ent. Soc., xm, 

pp- 107-116, Pl. v, 1885. 
Contains synoptic tables of Macrobasis and Tetraonyx and synopsis of 
Pyrota. : 
Fatu, H. C.—[See paper under Scarabzeide. | 
Table of Cantharis. 


Wetrman, F. C.—A revision of the genus Calospasta Le Conte. 
<Ent. News, 1909, pp. 19-25. 


RHYNCHOPHORA. 


Sco@NnueErr, C. J.—Genera et species Curculionidum cum synonymia 
hujus familie ... 8 vols., Paris, 1833-1834. 
An additional volume, Mantissa secunda familiz Curculionidum, ap- 
peared in 1847. 
A monograph of the Rhynchophora (including the Bruchids) of the 
whole world. Now antiquated. 
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Horn, G. H.—Contributions to a knowledge of the Curculionide of 
the United States. <Proc. Amer. Phil. Soc., x1, pp. 407-469, 
1873. 


A revision of the Calandrid and synopses of Otidocephalus (p. 448) ; 
Magdalis (p. 452); Balaninus (p. 457); Orchestes (p. 461); Rhys- 
sematus (p. 468); Chalecodermus (p. 465); Analcis (p. 467). 
Smirn, J. B.—Synopsis of the Apionine of North America. <Trans. 
Amer. Ent. Soc., x1, pp. 41-68, pls. 3, 1884. 


Le Contr, J. L., and Horn, G. H.—The Rhynchophora of America, 
north of Mexico. <Proc. Amer. Phil. Soc., xv, pp. 1-455, 1876. 


A monograph of the North American Rhynchophora. 


Briancnarp, F.—Table of Balaninus Germ. < Bul. Brooklyn Ent. 
Soc., vi1, pp. 106-108, 1884. 


Dietz, W. G.—Revision of the genera and species of Anthonomini 

inhabiting North America. <Trans. Amer. Ent. Soc., xviu, 
pp. 177-276, 1891. 

Revision of the genera and species of Desmori of North 
America. <Trans, Amer. Ent. Soc., xxi, pp. 113-178, 1894. 

Revision of the genera and species of Ceutorhynchini inhabit- 
ing North America. <Trans. Amer. Ent. Soc., xx, pp. 387- 
480, 1896. 

On the species of Macrops Kirby, inhabiting North America. 
<Trans. Amer. Ent. Soc., xvi, pp. 28-54, pl. 1, 1889. 

Fauxi, H. C.—Revision of the species of Apion of America, north of 
Mexico. <Trans. Amer. Ent. Soc., xxv, pp. 105-184, 1898. 
Casry, T. L.—On some new North American Rhynchophora. <Ann. 

N. Y. Acad. Scl., 1v, pp. 229-296, 1888, 


Yontains synopses of several genera which are enumerated in Hen- 
shaw’s Third Supplement, and of the genus Sitonis. 


——— Coleopterological notices. IV: <Ann. N. Y. Acad: Sex; 
VI, pp. 359-712, 1892. 
: Synopses of portions of the Rhynchophora. 
—_—_ Coleopterological notices. VI. <Ann. N. Y. Acadiisem 
vul, pp. 485-838, 1895. 
Contains synoptic tables of the following genera: Lepyrus (pp. 821-— 
828) ; Plectromodes (pp. 829-8382) ; Rhyssematus (pp. 882-836). 
— Coleopterological notices. VII. <Ann. N. Y. Acad. Sci, 
IX, pp. 285-684, 1897. 
Contains the following synopses: Balaninus (part) (pp. 655-664) ; 
tribe Zygopini (pp. 666-679) ; Tachygonus (pp. 679-681). 
Currrenven, F’. H.—On the species of Sphenophorus reiated to per- 
tinax OL, with descriptions of other forms. <Proc. Ent. Soe. 
Wash., vit, pp. 50-64, 1905. 
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Crirrenpen, F. H.—The North American species of the genus 
Notaris Germ. <Journ. N. Y. Ent. Soc., 1906, pp. 113-115. 
Fatt, H. C.—New species of American Coleoptera of the tribe Zygo- 
pini. <Trans. Amer. Ent. Soc., xxxu, pp. 53-61, 1906. 
Table of part of Copturus. 
Scuarrrer, Cuas.—New Rhynchophora. II. <Journ. N. Y. Ent. 
Soc., 1907, pp. 75-80. 
Table of Otidocephalus. 
New Rhynchophora. III. <Journ. N. Y. Ent. Soc., 1908, 
pp. 213-222. 
Table of Pandeletejus. 


BRENTHIDE. 


Horn, G. H.—The Brenthide of the United States. <Trans. Amer. 
Ent. Soc., rv, pp. 127-129, 1872. 
von ScHOnFELDT, H.—Fam. Brenthide. <Gen. Ins., Fasc. 65, pp. 
88, pls. 2, 1908. 
SCOLYTID®!. 


ZIMMERMAN, ©.—Synopsis of the Scolytide of America, north of 
Mexico. With notes and an appendix by J. L. Le Conte. 
<Trans. Amer. Ent. Soc., 1, pp. 141-178, 1868. 

Cuaputs, F.—Synopsis des Scolytides. Liége, 1869, pp. 61. 

A general classification. 


Eicuuorr, W.—Ratio, descriptio, emendatio Tomicinorum. <Mém. 
Soc. Sci. Liége, (2) vili, pp. 1-531, 1878. 

A monograph of the Scolytidz, subfamily Tomicinz, of the whole globe. 

Swaine, J. W.—Catalogue of the described Scolytide of America, 
north of Mexico. <24th Rep. N. Y. State Ent., pp. 76-159, 1909. 

Horxins, A. D.—The genus Dendroctonus. <Tech. ser. 17, Pt. 1, 
Bur. Ent., U. S. Dept. Agr., pp. 164, pls: 8, 1909. 

STREPSIPTERA. 

Pierce, W. D.—A preliminary review of the classification of the 
order Strepsiptera. <Proc. Ent. Soc. Wash., 1x, pp. 75-85, 
1908. 

A monographic revision of the twisted-winged insects com- 


prising the order Strepsiptera. <Bul. 66, U. S. Nat. Mus., pp. 
232, pls. 16, 1909. 


HEMIPTERA. 
Heteroptera. 
I.—CATALOGUES AND CHECK-LISTS. 
Unter, P. R.—Check-list of the Hemiptera Heteroptera of North 


America. Published by the Brooklyn Entomological Society, 
1886. 
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Leruterry, L., et Srvertn, G.—Catalogue général des Hémipteres. 

3 vols. 1893-1896. Musée royal d’histoire naturelle de Belgique... 
These include all the Heteroptera except the Capsidee and the Cryp- 
tocerata. 

Bererotu, E.—Enumeratio Pentatomidarum post Catalogum Brux- 
ellensem descriptarum. <Mém. Soc. Ent. Belg., xv, pp. 130- 
200, 1908. 

Kirxatpy, G. W., and Burno, J. R. pe ta Torre.—A catalogue of 
American aquatic and semiaquatic Hemiptera. <Proc. Ent. 
Soc. Wash., x, pp. 173-215, 1909. 

Banks, N.—A Catalogue of the Nearectic Hemiptera-Heteroptera. 
Amer. Ent. Soc., 1909, pp. 70. 


II.— GENERAL WORKS ON CLASSIFICATION. 


Amyot, C. J. B., et Auprner-Srrvitiez, J. GimHémiptéres. Suites 4 
Buffon. Histoire naturelle des Insectes. Paris, 1843. 


Srat, C.—Analecta hemipterologica. Berlin, 1866-1869. 3 parts. 
Originally published in the Berliner entomologische Zeitschrift. 


Hemiptera Fabriciana, secundum exempla Musei Hafniensis 
et Kieliensis descripta. 2 parts. <Kongl.“Svensk. Vet.-Akad. 
Handl., 1868-1869. 

Scutoepte, J. G.—Einige neue Hauptsiitze der Morphologie und Sys-, 
tematik der Rhynchoten. <Naturh. Tidskr., 1869, pp. 237ff. 
Unter, P. R.—List of Hemiptera of the region west of the Missis- 
sippi River, including those collected during the Hayden ex- 
plorations of 1873. <Bul. U. S. Geol. and Geog. Surv., 1, pp. 

267-361, Pls. x1x—xxtr, 1875. 

Report upon the insects collected by P. R. Uhler during 
the exploration of 1875, including monographs of the families 
Cydnide and Saldide, and the Hemiptera collected by A. S. 
Packard, M. D. <U. S. Geol. and Geog. Surv., Bul. m1, pp. 
355-475, 1877. 

Strat, C.—Enumeratio Hemipterorum. Bidrag till en forteckning 
6fver alla hitills kinda Hemiptera (or: Index specierum 
omnium hucusque cognitarum cum observationibus systematicis). 
<Kongl. Svensk. Vet.-Akad. Handl., 1870-1877, 5 parts. 

Bidrag till Hemipterernas Systematik. Ofvers. K. Vet.- 
Akad. Forh., 1867, pp. 491-560. 


Synopses of genera of Pentatomide and Coreidz. 


Osporn, H.—Classification of Hemiptera. <Ent. Amer., 1, pp. 
91-27, 1885. 


Short characterization of the whole order, with tables of suborders and 
families. 
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Summers, H. E.—The true bugs, or Heteroptera, of Tennessee. 
<Bul. Tenn. Agr. Exp. Sta., 1v, pp. 75-96, 1891. 


Contains a table of the families, tables of genera of all aquatic forms, 
of the Emesidz, Nabids, Phymatidee, Aradide, Tingitidz, and the 
Cydnide. 


TII.— MONOGRAPHS AND SYNOPSES. 
Heteroptera. 
CYDNIDZ. 


Uater, P. R.—Summary of the Cydnide of North America in report 
upon the insects collected by P. R. Uhler, ete. <Bul. U.S. Geol. 
and Geog. Surv., m1, pp. 866-396, 1877. 

Sicnoret, V.—Révision du groupe des Cydnides de la famille des 
Pentatomides. <Ann. Soc. Ent. France, 1881, and subsequent 
volumes to 1884. 

A monograph of the Cydnide of the whole world. 


PENTATOMIDZE. 


Summers, H. E.—A generic synopsis of the Nearctic Pentatomide. 
<Proc. Iowa Acad. Sci., v1, pp. 40-46, 1898. 

Van Duzezr, E. P.—An annotated list of the Pentatomide recorded 
from North America, north of Mexico, with descriptions of some 
new species. <Trans. Amer. Ent. Soc., xxx, pp. 1-80, 1904. 

Kirkianp, A. H.—The species of Podisus occurring in the United 
States. <Rep. State (Mass.) Bd. Agr., Exterm. Gypsy Moth, 
1898, pp. 112-138, pl. 1. . 

ScHouTepen, H.—Fam. Pentatomide. <Gen. Ins., Fase. 30, pp. 46, 
pls. 3, 1965; Fasc. 24, pp. 98, pls. 5, 1904; Fasc. 52, pp. 82, pls. 5, 
1907; Fasc. 47, pp. 4, pl. 1, 1906. 


COREID®. 


Montanpvon, A. L.—Notes on American Hemiptera Heteroptera. 

<Proc. U.S. Nat. Mus., xv1, pp. 45-52, 1893. 
Table of Cosmopepla and Alydus. 

Baker, C. F.—Preliminary remarks on American Corizini (Hemip- 

tera). <Can. Ent., 1908, pp. 241-244. 
Table of Corizus. 

Hampeieton, J. C.—The genus Corizus, with a review of the North 
and Middle American species. <Ann. Ent. Soc. Amer., 1, pp. 
133-147, pls. 4, 1908. 
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LYGHIDE. 


Baker, C. F.—Notes on the Nysius and Ortholomus of America. 
<Invert. Pacif., 1, pp. 183-140, 1906. 

Horvarn, G.—Les Scoloposthethus américains. <Rev. d’Ent., 1893, 
pp. 238-241. 

Van Duzer, E. P.—Synonymical and descriptive notes on North 
American Heteroptera. <Can. Ent., 1909, pp. 369-375. 


Table of Ischnodemus. 
ACANTHOCORID2. 


Reuter, O. M.—Acanthiide Americane. <Ofvers. K. Vet.-Akad. 
Forh., 1871, pp. 557-567. 

Monographia Anthocoridarum orbis terrestris. <Act. Soe. 

Sci. Fenn., xtv, pp. 555-758, 1886. 


ARADID.E. 


Brrcrotu, E.—Notes on the Nearctic Aradide. <Proc. Ent. Soc. 
Wash., m1, pp. 332-3838, 1892. 

Synopsis of the genus Neuroctenus Fieber. <Ofvers. Finsk. 
Vet. Soc. Forh., xxv1, pp. 173-189, 1887. 

Oszorn, H.—Aradide of Ohio. <Ohio Nat., rv, pp. 36-42, 1903. 


PHY MATIDZ. 


Hanpumscu, A.—Monographie der Phymatiden. <Ann. k. k. 
Naturh. Hofmus., Wien, xu, pp. 127-230, 1897. 


NABIDZE. 


Reuter, O. M.—Nabidx nove et minus cognite. <Ofvers. K. Vet.- 
Akad. Forh., xxix, pp. 79-96, 1872 (1873). 

Bemerkungen tiber Nabiden. <Mém. Soc. Ent. Belg., xv, pp. 

87-130, 1908. 


REDUVIIDZ. 


Srat, C.—Monographie der Gattung Conorhinus und Verwandten. 
~< Berl. ent. Zeitschr., 111, pp. 312-828, 1859. 

— Bidrag till Reduviudernas kannedomen. <Ofvers. K. Vet.- 
Akad. Forh., 1866, pp. 235-802. 

CaupE.L, A. N.—The genus Sinea of Amyot and Serville. <Journ, 
N. Y. Ent. Soc., 1901, pp. 1-11, pls. 2. 


HEMIPTERA. 83 
EMESIDZ. 


Donen, F. A.—Beitriige zu einer monographischen Bearbeitung der 
Familie der Emesina. <Linnea Ent., xiv, pp. 206-355, Table 1, 
1860. 

Banks, N.—Notes on our species of Emeside. <Psyche, 1909, pp. 
43-48. 

CAPSID®. 


Arxinson, E. T.—Catalogue of the Capside. <Suppl., Journ. 
Asiatic Soc. Bengal, ivi, Pt. 1, pp. 200, 1889. 
The only catalogue of the Capsids of the world. 

Reuter, O. M.—-Capsine ex America boreali in Museo Holmiensi 
asservate. <Ofver. K. Vet.-Akad. Forh., 1875, pp. 59-92. 
Hemiptera Gymnocerata Europe. MHelsingfors, I, 1878; I, 

1879; III, 1883; IV, 1891; V, 1896. 


Most important for the study of the Capside. 


Bemerkungen tiber Nearktische Capsiden nebst Beschreibung 
neuer Arten. <Acta Soc. Sci. Fenn., 1909, pp. 89. 


SALDIDZE, 


Unter, P. R.—Family Saldide. (Report upon the insects collected 
by P. R. Uhler during the explorations of 1875.) <Bul. U.S. 
Geol. and Geog. Surv., m1, pp. 429-452, 1877. 


BELOSTOMATID 2. 


Lewy, J.—History and anatomy of the Hemipterous genus Belos- 
toma. <Journ. Acad. Nat. Sci. Phila., 1, pp. 57-67, Pl. 1, 1847. 

Durour, L.—Essai monographique sur les Bélostomides. <Ann. 
Soe. Ent. France, 1863, pp. 373-400. 

Mayr, G.—Die Belostomiden. Monographisch bearbeitet. <Verh. 
k. k. zool.-bot. Ges. Wien, 1871, pp. 399-440. 

Monranpon, A. L.—Hémipteres Hétéroptéres exotiques, notes et 
descriptions. II, Fam. Belostomide. <Ann. Soc. Ent. Belg., 
1896, pp. 508-520. 


NAUCORIDZE. 


Montannon, A. L.—Hemiptera cryptocerata. Fam. Naucoride, 
sous-fam. Cryptocricine. <Verh. k. k. zool.-bot. Ges. Wien, 
1897, pp. 6-23. 


Table of Ambrysus. 


NEPIDZ. 


Bueno, J. R. pe tA Torre.—The three Ranatras of the northeastern 
United States. <Can. Ent., 1905, pp. 187-188. 
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NOTONECTID2. 


Freser, F. X.—Rhynchotographien, drei monographische Abhand- 
lungen. Sciocoride, Oxycarenus, Notonecte. <Abhandl. k6n. 
bohm. Ges. Wiss. Prag, ser. 5, vir, pp. 425-488, 1851. 

Kirkatpy, G. W.—Revision of the Notonectide, Part I. <Trans. 
Ent. Soc. Lond., 1897, pp. 893-426. 

Bueno, J. R. pp ra Torre.—The genus Notonecta in America north 
of Mexico. <Journ. N. Y. Ent. Soc., 1905, pp. 148-167, pl. 1. 


CORISIDZE. 


Fieser, F. X.—Species generis Corisa monographice dispositee. 
<Abhandl. kén. bohm. Ges. Wiss. Prag, ser. 5, vir, pp. 213-260, 
1851. 

Kirxatpy, G. W.—Notes on Corixide, No. 1 (Hemiptera). <Can. 
Ent., 1908, pp. 117-120. 


Table of genera. 
Homoptera. 


CICADIDE. 


Woopwortu, C. W.—Synopsis of North American Cicadide. 
< Psyche, v, pp. 67-68, 1888. 

Unter, P. R.—Preliminary survey of the Cicadide of the United 
States, Antilles, and Mexico. <Trans. Maryland Acad. Sci., 
1892, pp. 175-179. 

Distant, W. L.—A synonymic catalogue of Homoptera. Part I, 
Cicadide. <Brit. Mus. Nat. Hist., 1906, pp. 1-207. 

MacGituivray, A. D.—Cicadide: American genera ‘and species. 
<Can. Ent., 1901, pp. 74-84. 

Sairn, J. B., and Grosspecn, J. A.—Studies in certain Cicada species. 
<Ent. News, 1907, pp. 116-129, pls. 3. 


JASSIDE. 


Van Duzer, E. P.—A catalogue of the described Jassoidea of North 
America. <Trans. Amer. Ent. Soc., xxi, pp. 245-316, 1894. 
A synoptical arrangement of the genera of the North Ameri- 
can Jasside, etc. <Trans. Amer. Ent. Soc., xix, pp. 295-307, 
1892. 
Sienoret, V.—Essai sur les Jassides Stal, Fieb., et plus particuliére- 
ment sur les Acocéphalides Puton. <Ann. Soc. Ent. France, 
1879-1880, 
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Woopwortn, C. W.—Jasside of Illinois, Part I. <Bul. Ill. State 
Lab. Nat. Hist., 111, pp. 9-33, 1887. 

Oszporn, H.—Jasside of New York State. <20th Rep. N. Y. State 
Ent., pp. 498-545, 1904. 

and Baty, E. D.—Studies of North American Jassoidea. 

< Proc. Davenport Acad. Sci., vir, pp. 45-100, 1898. 


Contains a review of Agallia. 


Contributions to the Hemipterous fauna of Iowa. <Proc. 

Iowa Aad. Sci., Iv, pp. 172-234, 1897. 

Contains a review of Deltocephalus. 

The genus Pediopsis; a review of the North American species. 

<Proc. Davenport Acad. Nat. Sci., viz, pp. 111-123, 1900. 

A review .of the North American species of Idiocerus. 
<Proc. Davenport Acad. Nat. Sci., vi, pp. 124-138, 1900. 

Woopwortn, C. W.—On the genus Cicadula. <Psyche, v, pp. 75-76, 
1889. 

Van Duzer, E. P.—Review of the North American species of Pedi- 
opsis. <Ent. Amer., 1889, pp. 165-174. 

A revision of the North American species of Phlepsius. 
<Trans. Amer. Ent. Soc., x1x, pp. 63-82, 1892. 

Baker, C. F.—The North American species of Gnathodus. <Can. 
Ent., 1896, pp. 35-42. 

Van Duzer, E. P.—Review of the North American species of Bythos- 
copus. <Ent. Amer., 1890, pp. 221-229. 

Woopworrn, C. W.—North American Typhlocybini. < Psyche, v, 
pp. 211-214, 1889. 

Gitterre, C. P—American leaf hoppers of the subfamily Typhlocy- 
bine. <Proc. U. S. Nat. Mus., xx, pp. 709-773, 1898. 

‘Oszorn, H.—The genus Scaphoideus. <Journ. Cin. Soc. Nat. Hist., 
XIx, pp. 187-209, pls. 2, 1900. 

Batu, E. D.—The genus Eutettix. <Proc: Davenport Acad. Sci., 
xu, pp. 27-94, pls. 4, 1907. 

—w The genus Cochlorhinus Uhler and its allies. <Can. Ent., 
1902, p. 53. 

Oszorn, H., and Batt, EK. D.—A review of the North American 
species of Athysanus. <Ohio Nat., 11, pp. 231-257, pls. 2, 1902. 


TETTIGONIIDA. 


SrenoretT, V.—Revue iconographique des Tettigonides. <Ann. Soc. 
Ent. France, 1853-1855, with colored plates. 

SPANBERG,.J.—Species Gypone generis Homopterorum. < Bihang 
Svensk. Vet.-Akad. Handl., 1878, pp. 75. 
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Batu, E. D.—A review of the Tettigonide of North America, north 
of Mexico. <Proc. Iowa Acad. Sci., viii, pp. 35-75, pls. 7, 1901. 


CERCOPID. 


Gop1ne, F. W.—Synopsis of the subfamilies and genera of the North 
American Cercopide, with a bibliographical catalogue of the 
described species. <Bul. Ill. State Lab. Nat. Hist., m1, pp. 
483-501, 1895. 


Batu, E. D.—A study of the genus Clastoptera. <Proc. lowa Acad. 
Sci., 11, pp. 182-193, pls. 4, 1896. 


A review of the Cercopide of North America, north of Mex- 
ico. <Proc. Iowa Acad. Sci., v1, pp. 204-226, 1900. 


FULGORID.E. 


Westwoop, J. O.—On the family Fulgoride, with a monograph of 
the genus Fulgora of Linneus. <Trans. Linn. Soc. Lond., xvii, 
pp. 138-288, pl. 1, 1839. 

Sra, C.—Die amerikanischen Fulgoriden-Gattungen synoptisch be- 
schrieben. <Stett. ent. Zeit., xxx1, pp. 255-258, 1870. 

Asumnap, W. H.—A generic synopsis of the Fulgoride. <Ent. 
Amer., 1888, pp. 1-6, 21-28. 

Van Duzer, E. P.—A preliminary review of the North American 
Delphacide. <Bul. Buffalo Soc. Nat. Sci., v, pp. 225-261, 1897. 


Observations on some northern Derbide. <Can. Ent., 1889, 
pp. 159, 176. 


Unter, P. R.—Aids to a recognition of some North American genera 
and species of the old family Fulgoride. <Trans. Maryland 
Acad. Sci., 1900, pp. 401-408. 


Treats of the species of Scolops. 
Swezey, O.—A preliminary catalogue of the described species of the 


family Fulgoride of North America, north of Mexico. <Bul. 
3, Ohio Nursery and Orchard Inspection, pp. 48, 1904. 
Van Duzur, E. P.—Studies in North American Fulgoride. <Proc. 
Acad. Nat. Sci. Phila., 1907 (1908), pp. 467-498. 
Tables to species of several genera. 
Meticuar, L.—Monographie der Issiden. <Abh. zool.-bot. Ges. 
Wien, 1906, pp. 327. 
Monographie der Acanaloniiden und Flatiden. <Ann. Hof- 
mus. Wien., xvi, pp. 178-238, 1901; ibid., xvir, pp. 1-253, pls. 9, 
1902. 
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MEMBRACIDZA, 


Srin, C.—Bidrag till Membracidernas Kiinnedom. <Ofvers. K. 
Vet.-Akad. Forh., 1869, pp. 231-300. 


Gopine, F. W.—Bibliographical and synonymical catalogue of the 
described Membracide of North America. <Bul. Il St. Lab. 
Nat. Hist., 11, pp. 391-482, 1894. 

A synopsis of the subfamilies and genera of the Membracide 
of North America. <Trans. Amer. Ent. Soc., xix, pp. 253-260, 
1892. 


Van Duzer, E. P.—Studies in North American Membracide. <Bul. 
Buffalo Soc. Nat. Sci., 1x, pp. 29-129, 1908. 


Tables to genera and most of species, 
PSYLLIDZ. 


Low, F.—Zur Systematik der Psylloden. < Verh. k. k. zool.-bot. Ges. 
Wien, 1878, pp. 585-610. 

Characteristics and tables of the European subfamilies and genera. 
Supersedes all previous classifications. 

Asumerap, W. H.—On the Aphidide of Florida, with descriptions of 
new species. Family Psyllide. <Can. Ent., xi, pp. 220-225, 
1881. 

Gives a list of the North American species, with descriptions of several 
new ones. 


Riry, C. V.—Notes on North American Psyllide. <Proc. Biol. 
Soc. Wash., 11, pp. 67-79, 1884. 
A list of the North American Psyllidze and descriptions of new genera 
and species. 
Matiy, C. W.—Psyllide found at Ames. <Proc. Iowa Acad. Sci., 
i, pp. 152-171, pls. 3, 1894. 


A list of the described species, with a few additions. 
APHIDIDZ. 


Watsu, B. D.—On the genera of Aphide found in the United States. 
<Proc. Ent. Soc. Phila., 1, pp. 294-310, 1861-1863. 


Tuomas, C.—Notes on the plant-lice found in the United States. 
<Trans. Ill. Hort. Soc., 1877, pp. 137-212. 


A review of the family, including the Psyllide; reproduces the descrip- 
tions of earlier authors, and adds descriptions of new species. 


A list of the species of the tribe Aphidini, family Aphide, 
found in the United States, which have been heretofore named, 
with descriptions of some new species. <Bul. 2, Ill. State Lab. 
Nat. Hist., 1878, pp. 3-16. 
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Ritry, C. V., and Monett, J.—Notes on the Aphididee of the United 
States, with descriptions of species occurring west of the Missis- 
sippl. <Bul. U. S. Geol. and Geog. Surv., v, pp. 1-382, pls. 2, 
1879. 

Riley gives the biology and description of several Pemphiginze; Monell, 
descriptions, with occasional tables, of a number of Aphidin. 

Tuomas, C.—Eighth Report of the State Entomologist on the nox- 
ious and beneficial insects of the State of Dllinois. <3d Ann. 
Rep., by Cyrus Thomas, Springfield, 1879. 

The report treats wholly on the Aphidide of the United States and is 
an enlargement of the author’s paper in the Transactions of the 
Illinois Horticultural Society, 1877. 

Bucxton, G. B.—Monograph of the British Aphides. 4 vols. Lon- 
don, Ray Society, 1875-1883. 

This is the latest Huropean work on this family, containing tables for 
the determination of the genera. 

OxrstLuND, O. W.—Synopsis of the Aphididae of Minnesota. <Bul. 
4, Geol. and Nat. Hist. Surv. Minn., St. Paul, 1887. 

AsumeEap, W. H.—A generic synopsis of the Aphidide. <Ent. 
Amer., 1889, pp. 185-189. 

Wiuiams, T. A.—Host-plant list of North American Aphidide. 
<Spec. Bul. 1, Univ. Nebr., Dept. Ent., 1891. 


Licirenstrin, J.—Les Pucerons, premiere partie. Genera (all pub- 
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1883, pp. 47-148, pls. -1v. 
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pp. 78-84, 1900. 
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Tables for genera and species. 

Uzer, H.—Monographie der Ordnung Thysanoptera. Koniggritz, 
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pled Soe: 

ORTHOPTERA. 


I— CATALOGUES. 
Scupper, S. H.—Catalogue of the described Orthoptera of the United 
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Luccrer, O.—The Orthoptera of Minnesota. <3d Ann. Rep. Ent. 
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1902. 

Woopwortn, C. W.—Grasshoppers in California. <Bul. 142, Cal. 
Agr. Exp. Sta., pp. 1-86, 1902. 
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States and Canada. <Psyche, 1x, pp. 187-189, 1901. 
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Brunner von Warrenwyt1, K. and Reprensacuer, J.—Monographie 
der Phasmiden. Wien, folio, pp. 589 (3 parts), 1907-1908. 
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décrits par Linné, De Geer et Thunberg. (Part 2.) Stockholm, 
1874, pp. 121. 
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Ent., 1899, pp. 113-121. 
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N. Y. Ent. Soc., 1906, pp. 32-45, pl. 1. 
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lv, pp. 66-70. 

A revision of two American genera of Cidipodide. < Proc. 
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< Psyche, 1x, pp. 67-69, 1900. 
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Hancock, J. L.—The species, of the new genus Neotettix, with a key 
to the genera of North American Tettigiz. <Ent. News, 1898, 
pp- 137-141. 

Synopsis of subfamilies and genera of North American Tet- 

tigide. < Psyche, 1x, pp. 6—7, 1900. 


Bourvar, I—Fam. Acridiide, sub fam. Pyrgomorphine. <Gen. 
Ins., Fasc. 90, pp. 58, pl. 1, 1909. 

Caupetnt, A. N.—On a collection of Orthoptera from southern Ari- 
zona, with descriptions of new species. <Proc. U. S. Nat. Mus., 
Xxvul, pp. 461-477, 1905. 

Tables of Tomonotus and Litaneutria. 

Hancocr, J. L.—Subfamily Tettigine (Acridiude). <Gen. Ins., 
Fasc. 48, pp. 77, pls. 4, 1906. 

The Tettigide of North America. Chicago, 1902, pp. 188, 
pis, 11, | 

McNeun, J—Revision of the Orthopteran genus Trimerotropis. 
<Proc. U. S. Nat. Mus., xx, pp. 393-449, 1901. 

Scupper, S. H.—The clear-winged species of the Cidipodine genus 
Mestobregma. <Psyche, 1x, pp. 90-93, 1900. 
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Scupper, S. H.—A preliminary revision of the Tryxaline cf the 
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The species of the C&dipodine genus Heliastus Sauss., oceur- 
ring in the United States. < Psyche, 1x, pp. 45-47, 1900. 
The species of Circotettix,a North American genus of C&idipo- 
dine. < Psyche, 1x, pp. 185-141, 1900. 
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Banks, N.—A synopsis, catalogue, and bibliography of the Neurop- 
teroid insects of temperate North America. <Trans. Amer. Ent. 
Soc., xIx, pp. 328-373, 1892. 

Catalogue of the Neuropteroid insects (except Odonata) of 
the United States. American Entomological Society, Philadel- 
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Burmeister, H.—Handbuch der Entomologie. Berlin, 1832-1835. 
The Neuroptera are treated in Vol. II, Part I. 

Rampur, P.—Histoire naturelle des Nevroptéres. Suites 4 Buffon. 
Paris, 1842. 

Hacen, H.—Synopsis of the Neuroptera of North America, with a 
list of the South American species. Prepared for the Smith- 
sonian Institution. <Smith. Misc. Coll., Washington, 1861. 

Braver, Fr.—Verzeichniss der bis jetzt bekannten Neuropteren im 
Sinne Linné’s. < Verh. k. k. zool.-bot. Ges. Wien, 1868, pp. 359— 
416, 711-742. 

Contains tables to all the genera known at date 
Banxs, N.—New genera and species of Nearctic Neuropteroid insects. 
<Trans. Amer. Ent. Soc., 1899 (1900), pp. 239-259. 
xeneric synopses of the Perlidze and Ephemeridie, and tables of Calli- 
beetis and Trizenodes. 
IIT.—MONOGRAPHS AND SYNOPSES. 
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Hacen, H. A.—Monographie der Termiten. <Linnea ent., x, x11, 
and xiv, 1855-1860. 

Desneux, J.—Fam. Termitide. <Gen. Ins., Fase. 25, pp. 52, pls. 2, 
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Hacen, H. A.—Monograph of the Embidina. <Can. Ent., xvu, 
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Hacen, H. A.—Beitriige zur Monographie der Psociden. <Stett. 
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ent. Zeit., XLim and xuitv, 1889-1883. 
PERLID.E 


Pieter, F. J—Histoire naturelle générale et particuliére des insectes 
Nevroptéres. Premiére monographie: Famille des Perlides. 
Geneva, 1841-1842. 

Banks, N.—Notes on Pteronarcys, a genus of Perlide. <Proc. Ent. 
Soc. Wash., vir, pp. 8-9, 1906. 

—— Notes on the classification of the Perlide. <Can. Ent., 1906, 
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——— A list of Perlidz from British Columbia and Alberta. <Can. 
Ent., 1907, pp. 823-830. 
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Prcrer, F. J.—Histoire naturelle générale et particuliere des insectes 
Nevroptéres. Seconde monographie: Famille des Ephémérines. 
Geneva, 1843-1845. 
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nomenclature of the Ephemeride. <Trans. Ent. Soe. Lond., 
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Neepuam, J. G.—May flies and midges of New York. <Bul. 86, 
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ODONATA. 


Kurpsy, W. F.—A synonymic catalogue of Neuroptera Odonata, or 
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——_—— Synopsis des Cordulines. <Bul. Acad. Belg., Brussels, 1871. 

Hacen, H. A.—Synopsis of the Odonata of America. <FProc. Bost. 
Soc. Nat. Hist., xvm1, pp. 20-96, 1875. . 


Omitting the subfamily Agrionina. 
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bE Seutys Lonecuamps, E.—Synopsis d’Aéschnines. <Bul. Acad. 
Belg., 1883. 

Révision du Synopsis des Agrionines. <Bul. Acad. Belg., 
1886. 

Hacen, H. A.—Synopsis of the Odonat genus Leucorhinia. <Trans. 
Amer. Ent. Soc., xvi1, pp. 229-236, 1890. 

Synopsis of the Odonata of North America. <Psyche, v, 

1889-1890. No. 1, pp. 241-250, Calopteryx; No. 2, pp. 303-808, 

Anax. 


Catvert, P. P.—Catalogue of the Odonata (dragon flies) of the 
vicinity of Philadelphia. <Trans. Amer. Ent. Soc., xx, pp. 
152-272, pls. 2, 1893. 

Kexiicorr, D.S.—The Odonata of Ohio. <Ohio Acad. Sci., Special 
Paper No. 2, 1899, pp. 114, pls. 3. 

Wuuiamson, E. B.—The Dragon flies of Indiana. <Indiana Geol. 
Rep. 1899 (1900), pp. 229-3383, pls. 7. 

Catvert, P. P.—Odonata. <Biol. Cent.-Amer. Neuroptera, 1, pp. 
17-420, pls. 9, 1901-1908. 

Martin, R.—Cordulines. <Collections de Selys, Fasc. xvi, pp. 94, 
pls. 3, 1906. 

/Eschnines. <Collections de Selys, Fase. xvii, pp. 84, pls. 
2, 1908. 

Murrxowski1, R. A.—Review of the dragon flies of Wisconsin. 
<'Bul. Wisc. Nat. Hist. Soc., v1, pp. 57-123, pls. 2, 1908. 

Nrrpuam, J. G—Aquatic insects of the Adirondacks. <Bul. 47, 
N. Y. State Mus., pp. 429-540, pls. 10 and 17-25, 1901. 

Tables of adults and nymphs in the Anisoptera. 

Aquatic insects in New York State. <Bul. 68, N. Y. State 
Mus., pp. 218-279, pls. 5 and 11-19, 1903. 

Tables of adults and nymphs in the Zygoptera. 

Waker, E. M.—A key to the North American species of A‘schna, 
found north of Mexico. <Can. Ent., 1908, pp. 377-891, 450-452. 

A first list of Ontario Odonata. <Can. Ent., 1906, pp. 105- 
110, 149-154. 

Wiuramson, E. B.—The subgenus Stylurus Needh. <Trans. Amer. 

Ent. Soc., xxv, pp. 205-216, pls. 2, 1901. 

The North American dragon flies (Odonata) of the genus 

Macromia. <Proc. U.S. Nat. Mus., xxxvi, pp. 369-398, pls. 2, 

nes. 4, 1909. 


SIALIDE. 


Davis, K. C.—Sialidide of North and South America. <Bul. 68, 
N. Y. State Mus., pp. 441-487, pls. 2, 1903. 
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RAPHIDIIDE. 


Arparpa, H.—Révision des Raphidides. <Tijd. voor Ent., 1891, 
pp. 65-184. 
HEMEROBIIDE. 


Hacen, H. A.—Hemerobidarum synopsis synonymica. <Stett. ent. 
Zeit., 1866, pp. 369-462. 
Monograph of the Hemerobide. <Part I, Proc. Bost. Soc. 
Nat. Hist., xx, pp. 250-269, 1886; Part I, 1. c., pp. 276-292. 
Never completed. ; 
Banks, N.—Revision of the Nearctic Hemerobidx. <Trans. Amer. 
Ent. Soe., xxx, pp. 21-51, pls. 3, 1906. 


CHRYSOPIDL. 

Scunewer, G. TH.—Symbola ad monographiam generis Chrysope 
Leach. Vratislavie, 1851. 

Banks, N.—A revision of the Nearctic Chrysopide. <Trans. Amer. 
Ent. Soc., xxrx, pp. 137-162, pl. 1, 1903. 

CONIOPTERY GID. 

ENpDERLEIN, G.—Fam. Coniopterygide. <Gen. Ins., Fasc. 67, pp. 17, 
pls. 2, 1908. 

Banks, N.—A revision of the Nearctic Coniopterygide. < Proc. Ent. 
Soc. Wash., vu, pp. 77-86, pls. 2, 1906. 


MYRMELEONIDZE. 


Hacen, H. A.—Stray notes on the Myrmeleonide. <Can. Ent., 1887, 
1888. [Continued in several numbers. | 

Banks, N.—A classification of the North American Myrmeleonide. 
<Can. Ent., 1899, pp. 67-71. 


ASCALAPHIDE., 


van per Weevr, H.—Ascalaphiden. <Collections de Selys, Fase. 
VIII, pp. 328, pls. 2, 1908. 
A revision of the Ascalaphidie of the world. 


PANORPIDE. 
Westrwoop, J. O.—Monograph of the genus Panorpa. <Trans. Ent. 
Soc. Lond., tv, pp. 184-196, 1846. 
Hinz, J. S—The North American species of the genus Bittacus. 
<Journ. Columbus Hort. Soc., xu, pp. 11, pls. 2, 1899. 


A review of the Panorpide of America, north of Mexico. 
< Bul. Sci. Lab. Denison Univ., x1, pp. 241-264, pls. 3, 1901. 


MALLOPHAGA. 101 
TRICHOPTERA. 


McLacuian, R.—A monographic revision and synopsis of the 
Trichoptera of the European fauna. London, 1874-1880. 
Extremely valuable for the study of genera. 


Kouenatr, F. A.—Genera et species Trichopterorum. 2 parts. Part 
1, Prague, 1848; part 2, Moscow, 1859. 


McLacuian, R.—Notes on North American Phryganide, with espe-. 


cial reference to those contained in the collection of the British 
Museum. <Ent. Annual for 1863, pp. 155-163. 


Contains a list of North American Phryganids. 


Hacen, H. A.—Phryganidarum synopsis synonymica. < Verh. k. k. 
zool.-bot. Ges. Wien, xiv, pp. 799-890, 1864. 
Beitrige zur Kenntniss der Phryganiden. < Verh. k. k. zool.- 
bot. Ges. Wien, xxi, pp. 877-452, 1873. 
Eaton, A. E.—On the Hydroptilide, a family of the Trichoptera. 
<Trans. Ent. Soc. Lond., 1873, pp. 125-151. 
Gives a list of the species and synopsis of genera. 
Banks, N.—Descriptions of new North American Neuropteroid in- 
sects. <Trans. Amer. Ent. Soc., xxv, pp. 199-218, 1898. 
Contains a table of the genera of Leptoceride. 
Descriptions of new Trichoptera. <Proc. Ent. Soc. Wash., 
vill, pp. 117-133, pls. 2, 1906. 
Table of Sericostomatidze and of Neuronia. 
Description of new Nearctic Neuropteroid insects. <Trans. 
Amer. Ent. Soc., xxx, pp. 1-20, pls. 2, 1906. 
Table of Hydropsychide. 
Uumer, G.—Trichoptera. <Gen. Ins., Fasc. 60, pp. 259, pls. 41, 
DOK. 
Morton, K. J.—North American Hydroptilide. <Bul. 86, N. Y. 
State Mus., pp. 63-75, 1905. 


MALLOPHAGA. 


Denny, H.—Monographia Anoplurorum Britanniz. London, 1842, 
pls. 26. 

GirseL, C. G. A.—Insecta epizoa. Die auf Siugethieren und Végeln 

| schmarotzenden Insekten. Nach Zeichnungen von C. lL. Nitzsch. 
Leipzig, 1874, pls. 20. 

Pracet, E.—Les Pédiculines. Description de toutes les espéces ob- 
servées, enrichie d’espéces nouvelles. Leyden, 1880, pls. 56; Sup- 
plement, 1885, pls. 17. 

TascHenserc, O.—Die Mallophagen mit besonderer Beriicksich- 
tigung der von Meyer gesammelten Arten. Halle, 1882. 
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Krtioce, V. L.—A list of the biting lice (Mallophaga) taken from 
birds and mammals of North America. <Proc. U.S. Nat. Mus., 
XXII, pp. 89-100, 1899. 

Contains a bibliography and table to genera. 
—  Mallophaga. <Gen. Ins., Fasc. 66, pp. 87, pls. 3, 1908. 
Morsr, M. W.—Synopses of North American Invertebrates. Tri- 


chodectide. <Amer. Nat., xxxvi1, pp. 609-624, 1903. 
THYSANURA. 


von Daria Torre, K. W.—Die Gattungen und Arten der Aptery- 
gogenea. <46 Program k. k. Staats-Gymnasium, Innsbruck, 
pp. 23, 1895. 


A catalogue of the known species. 


MacGitiivray, A. D.—A catalogue of the Thysanura of North Amer- 
ica. <Can. Ent., 1891, pp. 267-276. 

Pacxarp, A. S.—Synopsis of the Thysanura of Essex County, Mass., 
with descriptions of a few extralimital forms. <5th Ann. Rep. 
Trustees Peabody Acad. Sci. for the year 1872. Salem, 1873, 
pp. 23-51. 

Lusesock, J.—Monograph of the Collembola and Thysanura. Lon- 
don, Ray Society, 1873. 


The introduction gives the full bibliography up to date. 


MacGutuivray, A. D.—North American Thysanura. III. <Can. 
Ent., 1893, pp. 218-220. 
Synopsis of family Japygide. 
—North American Thysanura. IV. <Can. Ent., 1893, pp. 
313-318. 
Synopses of families Aphoruridz and Poduride. 
—wNorth American Thysanura. V. <Can. Ent., 1894, pp. 
105-110. 
Synopses of Entomobryidze and Smynthuride. 
The American species of Isotoma. <Can Ent., 1896, pp. 
47-58. 
Gururiz, J. E.—The Collembola of Minnesota. <Geol. and Nat. 
Hist. Surv. Minn., 1903, pp. 1-110, pls. 16. 


Hansen, H. J.—The genera and species of the order Symphyla. 
<Quart. Journ. Micr. Sci., xtvu, pp. 1-100, pls. 7, 1903. 


Jackson, A. D.—Synopsis of the American species of the genus 
Papirius. <Ohio Nat., vi, pp. 159-177, 1907. 


Jackson, C. F.—Key to the families and genera of the order Thy- 
sanura. <Ohio Nat., v1, pp. 545-549, 1906. 
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Swenx, M. H.—A synopsis of the North American species of Japyx. 
<Journ. N. Y. Ent. Soc., 1903, pp. 129-132. 


MYRIAPODA. 


Botitman, C. H.—The Myriapoda of North America. <Bul. 46, 
eS Nat. Mus: 1893: 


A collection of his writings, edited by L. M. Underwood. A most nec- 
essary work, containing a catalogue of the species, tables of the 
genera, and a synopsis of the Scolopendridz. 

Woop, H. C., Jr.—The Myriapoda of North America. <Trans. 
Amer. Phil. Soc., xm, pp. 187-248, pls. 3, 1865. 

This is the first and only monograph of the Myriapoda published in 
this country. 

Neweort, G.—Monograph of the class Myriapoda, Order Chilopoda. 
< Trans. Linn. Soc. Lond., xrx, pp. 265-802, 349-489, 1845. 

Kocu, C. L.—Die Myriapoden. 2 vols. Halle, 1863. 

Unprrwoop, L. M.—The North American Myriapoda. <Ent. Amer., 
, pp. 141-151, 1885. 

A bibliographical review of the subject, with tables of families and 
genera, 

Woop, H. C., Jr.—On the Chilopoda of North America, with Cata- 
logue of all the specimens in the collection of the Smithsonian 
Institution. <Journ. Acad. Nat. Sci. Phila., new ser., v, pp. 
5-42, 1863. 

Pacxarp, A. S.—A revision of the Lysiopetalide, a family of Chi- 
lognath Myriapoda, with a notice of the genus Cambala. < Proc. 
Amer. Phil. Soc., xxi, pp. 177-197, 1883. 

Cook, O. F., and Cotirys, G. N.—The Craspedosomatide of North 
America. <Ann. N. Y. Acad. Sci., 1x, pp. 1-100, pls. 12, 1895 
Sruxperc, A.—Lithobioide Americe borealis. Ofversigt af Nord- 
Amerikas hittills kiinda Lithobiider. <QOfvers. K. Vet.-Acad. 

Forh., xxxu, pp. 28-32, 1875. 

Coox, O. F., and Cotiins, G. N.—Notes on North American Myria- 
poda of the family Geophilide, with descriptions of three genera. 
<Proc. U.S. Nat. Mus., x11, pp. 383-396, 1891. 

Contains a table of the genera. 

Mernert, Fr.—Myriopoda Musei Cantabrigensis, Mass. Part I, Chi- 
lopoda. <Proc. Amer. Phil. Soc., 1885, pp. 161-233. 

Of great value for the study of classification, though containing no 
synopses. 

Kenyon, F. C.—The morphology and classification of the Pauropoda. 
<Tufts College Studies, rv, 1895. 

Krarrevin, K.—Revision der Scolopendriden. <Jahrb. Hamb. Anst. 
2 Beiheft. Mitt. Mus. Hamburg, pp. 1-276, figs. 160, 1903. 
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ARACHNIDA. 
I.— CATALOGUES. 


Marx, G.—Catalogue of the described Aranex of temperate North 
America. <Proc. U.S. Nat. Mus., x11, pp. 497-594, 1890. 


Includes a bibliography. 
II.—COMPREHENSIVE WORKS. 


Hann, C. W., and Kocu, C. L.—Die Arachniden. Niirnberg, 1831— 
1848, 16 vols., with 563 pls. 


bE Watckenarr, C. A.—Histoire naturelle des Insectes. Suites a 
Buffon. Aptéres. Paris, 1837-1847, I], 4 vols., with 52 pls. 

The first work on general classification of this order, and many North 
American species are described from drawings by Bose and bbot. 

Simon, E.—Histoire naturelle des Araignées. Paris, 2 vols., 1893- 
1902. 

Tables to all the genera. 

Hentz, N. M.—Araneew Americe septentrionalis. The Spiders of 
the United States. Edited by J. H. Emerton and E. Burgess. 
<Occasional Papers of the Boston Society of Natural History, 
1875 

A reprint of Hentz’s papers on North American spiders. 

Simon, E.—Les Arachnides de France. Paris, Vols. I-V and VII, 
1874-1884. 

This work represents a recent system of classification, and is there- 
fore of great general value, although it deals only with the Euro- 
pean fauna. 

Kerysertinc, E.—Neue Spinnen aus Amerika. @ parts. <Verh. 
k. k. zool.-bot. Ges. Wien, Vols. xxrx—xxxtv, 1879-1887. 

Banks, N.—A classification of the North American Spiders. <Can. 
Ent., 1892, pp. 88-97. 

——— Synopses of North American Invertebrates. Families and 

genera of Araneida. <Amer. Nat., xxxix, pp. 293-323, 1905. 

Comstock, J. H.—A classification of North American Spiders. 
Ithaca, N. Y., pp. 55, 1903. 

Warsurton, C.—The Cambridge Natural Tato? Vol. IV, Arach- 
nida. pp. 295-473, 1909. 


Emerton, J. H.—Common spiders of the United States. Boston, 
1902, pp. 225, many figures. 

Bryant, E. B.—List of the Araneida. Fauna of New England, 9. 
<Oce. Papers, Bost. Soc. Nat. Hist., viz, pp. 105. 
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III.—MONOGRAPHS AND SYNOPSES. 
Aranee. 


THERAPHOSID.E. 


Smon, E.—Liste des espéces de la famille des Aviculariides de 
VAmérique du Nord. <Actes Soe. Linn. Bordeaux, xutv, pp. 
307-339, 1892. 

Ausserer, A.—Beitriige zur Kenntniss der Arachniden-Familie der 
Territelaria Thorell. <Verh. k. k. zool.-bot. Ges. Wien, xx, 
pp. 117-224, 1871. 

Zweiter Beitrag zur Kenntniss der Arachniden-Familie der 
Territelarie Thorell. <Verh. k. k. zool.-bot. Ges. Wien, xxv, 
pp. 125-206, 1875. 

DYSDERID&®. 


Banks, N.—Notes on the Dysderide of the United States. <Can. 
Ent., 1891, pp. 207-209. 

Keryseritinc, E.—Amerikanische Spinnen aus den Familien Phol- 
coide, Scytodoide und Dysderoide. <Verh. k. k. zool.-bot. 
Ges. Wien, xxvul, pp. 205-234, 1877. 


DRASSIDE. 


Kocu, C. L.—Die Arachniden-Familie der Drassiden. Niirnberg, 
1866-1868. 

Emerton, J. H.—New England Spiders of the families Drassidee, 
Agalenide, and Dysderide. <Trans. Conn. Acad. Arts Sci., 
vill, pp. 1-40, 1890. 


DICTYNIDE. 


Emerton, J. H.—New.England Spiders of the family Ciniflonide. 
<Trans. Conn. Acad., vir, pp. 4483-460, 1888. 


EPEIRID®. 


Krysertinc, E.—Beschreibung neuer und wenig bekannter Arten 
aus der Familie Orbitele Latr. oder Epeiride Sund. <Sitz- 
ungsber. naturw. Ges. Isis in Dresden, 1863 (1864), pp. 638-154. 

Emerton, J. H.—New England Spiders of the family Epeiride. 
<Trans. Conn. Acad., v1, pp. 295-842, 1884. 

Keysertine, E.—Die Spinnen Amerikas. IV. Epeiride. Niirn- 
berg, 1892-1893. 

McCook, H. C.—American Spiders and their spinning work. Phila- 
delphia, 1889-1893. 


Third volume contains the Epeiridie. 
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Banks, N.—Notes on Spiders. <Journ. N. Y. Ent. Soc., 1893, pp. 
123-134. 


Contains a synopsis of part of the Tetragnathine. 
THERIDIIDE. 


Campripce, O. P.—On some new species of Erigone from North 
America. Two parts. <Proc. Zool. Soc. Lond., 1874, pp. 428- 
449; 1875, pp. 393-405. 

Emerton, J. H.—New England Spiders of the family Theridide. 
<Trans. Conn. Acad., v1, pp. 1-86, 1882. 

Kerysrertine, E.—Die Spinnen Amerikas. tI. Theridide. 1. Halfte, 
Niirnberg, 1884; 2. Halfte, Niirnberg, 1886, pp. 517, pls.’ 21. 
Banks, N.—New species of Theridiude. <Can. Ent., 1908, pp. 205— 

208. 
Table of Euryopis. 

Crossy, C. R.—A catalogue of the Erigonex of North America, with 
notes and descriptions of new species. <Proc. Acad. Nat. Sci. 
Phila., 1905, pp. 301-843, pls. 2. 


THOMISID.®E. 


Krysrertinc, E.—Die Spinnen Amerikas. Laterigrade. Niirnberg, 
1880, pp. 283, pls. 8. 

Emerton, J. H.—New England Spiders of the family Thomiside. 
<Trans. Conn. Acad., vi, pp. 359-3881, pls. 5, 1892. 


LYCOSID-E. 


Krysertine, E.—Ueber amerikanische Spinnen-Arten der Unterord- 
nung Citigrade. <Verh. k. k. zool.-bot. Ges. Wien, xxxvi, pp. 
609-708, 1876. 

Emerton, J. H.—New England Spiders of the family Lycoside. 
<Trans. Conn. Acad., v1, pp. 481-505, 1885. 

Montcomery, T. L.—Descriptions of North American Aranez of 
the families Lycoside and Pisauride. <Proc. Acad. Nat. Sei. 
Phila., 1904, pp. 261-323, pls. 3. 

Cuamper.in, R. I.—Revision of North American spiders of the fam- 
ily Lycoside. <Proc. Acad. Nat. Sci. Phila., 1908, pp. 157— 
318, pls. 16. 

ATTID®. 


Prcxuam, G. W. and E. G.—North American Spiders of the family 
Attide. <Trans. Wisc. Acad., vi, 1888. 

Emerron, J. H.—New England Spiders of the family Attide. 
<Trans. Conn. Acad., v1, pp. 220-251, pls. 6, 1891. 
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Precxuam, G. W. and E. G.—Pellenes and some other genera of the 
family Attide. <Bul. Wisc. Nat. Hist. Soc., 1, pp. 195-233, 
pls 2, 1901. 

Spiders of the Phidippus group of the family Attide. 

<Trans. Wisc. Acad., xin, pp. 282-346, pls. 6, 1900. ; 

Revision of the Attidse of North America. <Trans. Wisc. 

Acad., xvi, pp. 355-596, pls. 24, 1909. 


Arthrogastra. 


Unperwoop, L. M.—A preliminary list of the Arthrogastra of North 
America (excluding Mexico). <Can. Ent., xvi, pp. 162-169, 
1885. 

Banxs, N.—The Scorpions, Solpugids, and Pedipalpi. <Amer. 
Nat., 1900, pp. 421-428. 


SOLPUGIDZ. 


Srvon, E.—Essai d’une classification des Galéodes. <Ann. Soc. 
Ent. France, 1879, pp. 93-154. 

Purnam, J. D.—The Solpugide of America. Arranged for publi- 
eation by Herbert Osborn. <Proc. Davenport Acad. Nat. Sei., 
Hiesppe 149-it, 1882: 


This monograph remains incomplete on account of the death ef the 
author. It contains a complete bibliography on the family. 


Krarpetin, K.—Palpigradi und Solifuge. <Das Tierreich, Lief. 
12, pp. 159, 1901. 


SCORPIONID.E. 


Woop, H. C.—Descriptions of new species of North American 
Pedipalpi. <Proc. Acad. Nat. Sci. Phila., 1863, pp. 107-112. 

On the Pedipalpi of North America. <Journ. Acad. Nat. 
Sci. Phila., v, pp. 857-376, Pl. x, 1863. 

Tuoreti, T.—On the classification of Scorpions. <Ann. and Mag. 
Nat. Hist., xvi1, pp. 1-15, 1876. 

Etudes Scorpiologiques. <Act. Soc. Ital. Sci. Nat., xrx, pp. 
75-272, 1877. 

Knrarpretrn, K.—Revision der Scorpione. <Jahrb. Hamb. Anst., I, 
Vol. vii, pp. 1-144, 1891; II, Vol. xr, pp. 1-248, 1894. 

Scorpiones und Pedipalpi. <Das Tierreich, 8 Lieferung, 
1899, pp. 265. 

—___ Revision der Tarantuliden. <Abh. Ver. Hamburg, x11, pp. 
1-53, 1895. 

Revision der Uropygi. <Abh. Ver. Hamburg, xv, pp. 60, 

189%. 
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CHERNETIDE. 


Banks, N.—Notes on the Pseudoscorpionida. <Journ. N. Y. Ent. 
Soc., 1895, pp. 1-18. 

Cooter, K. R.—A list of North American Pseudoscorpionida. 
<Pyche, 1908, pp. 108-114. 


PHALANGIDZE. 


Woop, H. C.—On the Phalangez of the United States of America. 
<Commun. of the Essex Inst., vi, pp. 10-40, 1868. 


Tuoreti, T.—Conspectus familiarum et generum Europeorum ordi- 
nis Opilionum. <Ann. Mus. civ. d. Storia nat. Genova, 1876, 
pp. 462 ff. 

Banxs, N.—The Phalangine of the United States. <Can. Ent., 
1893, pp. 205-211. 

The Nemastomatide and Trogulide of the United States. 
<Psyche, 1894, pp. 11-12, 51-52. 

— The Phalangida Mecostethi of the United States. <Trans. 
Amer. Ent. Soc., xx, pp. 149-152, 1893. 

Weep, C. M.—A descriptive catalogue of the harvest spiders (Pha- 
langiide) of Ohio. <Proc. U. S. Nat. Mus., xvi, pp. 543-563, 
1893. 

Banks, N.—Synopses of North American Invertebrates. The Pha- 
langida. <Amer. Nat., xxxv, pp. 669-679, 1901. 


Acarina. 


Banxs, N.—A treatise on the Acarina, or mites. <Proc. U.S. Nat. 
Mus., xxvii, pp. 1-114, 1904. 
A catalogue of the Acarina, or mites, of the United States. 
<Proc. U.S. Nat. Mus., xxxu, pp. 595-625, 1907. 

Osporn, H., and Unprrwoop, L. M.—Preliminary list of the species 
of Acarina of North America. <Can. Ent., 1886, pp. 4-12. 
3eRLESE, A.—Acari Miripodi e Scorpioni Italiani. Padova, 1882, 

to date. 
Four yolumes are completed, Prostigmata, Cryptostigmata, Mesostig- 
mata, and. Sarcoptidz; other parts are in progress. 
Contains tables to the genera, and figures all Italian species. 
Canestrint, G.—Prospetto dell’Acarofauna Italiana. Padova. 7 
parts. 1885-1897. 
Very valuable for classification. 
Trovurssart, E.—Considerations générales sur la classification des 
Acariens. <Revue Sci. Nat. de Ouest. Paris, u, pp. 20-54, 
1892. 
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Murray, A.—Economic Entomology. Aptera. <South Kensington 
Museum Science Handbooks, London and New York, 1877. 


Mirtentrn, P.—Mémoire sur les Cheylétides Parasites. <Journ. 
d’Anatomie et de Physiologie, 1878, pp. 1 ff. 


Les Parasites et les maladies parasitaires chez homme, les 
animaux domestiques et les animaux sauvages avec lesquels ils 
peuvent étre en contact. Insectes, Arachnides, Crustacés. Paris, 
1880. 


Nicoter, H.—Histoire naturelle des Acariens qui se trouve aux envi- 
rons de Paris. <Archives du Muséum d’histoire nat. de Paris, 
vil, 1854-55. 

GieseL, C. G.—Insecta Epizoa. Die Parasiten der Siiugethiere und 
Vogel. Leipzig, 1874. 

M&enrn, P.—Mémoire sur les Métamorphoses des Acariens en général 
et en particulier sur celles des Trombidions. <Ann. des Sci. 
Nat., sér. 6, 1v, Article 5, 1876. 

Mémoire sur lVorganisation et la distribution zoologique des 


Acariens de la famille des Gamasides. <Journ. d’Anatomie et 
de Physiologie, 1876, pp. 288-336. 
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at New York. 
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volumes. 1824-1867. 

ANNALS OF THE EntTomoLocicaL Sociery or America. Columbus, 
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BULLETIN OF THE BrooktyN ENntromotocicaL Socrery. Seven vol- 
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BuLueTin or THE AMERICAN Museum or Narurat History. New 
York, N. Y. Begun in 1881. 

BULLETIN oF THE Burrato Society or Natura History. Beginning 
with 1874. Each volume covers several years. 

BuLietin or THE Unitrep States NationaL Museum. Beginning 
with 1875. Washington, D. C. 

BULLETIN oF THE ILLINOIS StaTe Laporatory or Naturau History. 
Urbana, Il]. Begun in 1876. Each volume covers several years. 

BULLETIN oF THE Wisconsin Natura History Socitery. Milwaukee, 
Wis. Begun in 1900. 

Buuietins or THE UNITED STATES GEOLOGICAL AND GEOGRAPHICAL 
Survey or THE Territories, F. V. Hayden in charge. Depart- 
ment of the Interior. Beginning with 1875. 

‘Entomotocicat News, and proceedings of the entomological section 
of the Academy of Natural Sciences. Philadelphia, Pa. Com- 
menced in 1890. 

‘Entomorocica AMERICANA. Published by-the Brooklyn Entomo- 
logical Society, at Brooklyn, N. Y. 1885-1890. 
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JOURNAL OF THE New York Entomornoeicat Socrery. New York, 
N. Y. Commenced in 1893. 

JouRNAL or Economic Entomotocy. Concord, N. H. Begun in 
1908. 

JOURNAL OF THE ACADEMY OF NATURAL SCIENCES OF PHILADELPHIA. 
Commenced in 1817. 
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in 1866. 

OccastionNaAL Mermorrs or THE CHicaco ENTOMOLOGICAL SOCIETY. 
Commenced in 1900. 

Papinio. Devoted exclusively to Lepidoptera. Organ of the New 
York Entomological Club. Four volumes. 1881-1884. 

PROCEEDINGS OF THE AMERICAN ACADEMY OF ARTS AND SCIENCES. 
Boston, Mass. Begun in 1846. 

PROCEEDINGS OF THE Boston Socrery or Narurat History. Com- 
mencing with 1841. 

PROCEEDINGS OF THE ACADEMY OF NATURAL SCIENCES OF PHILADEL- 
pHiA. Beginning with 1841. 

PROCEEDINGS OF THE AMERICAN PHILOSOPHICAL SocreTty oF PHtna- 
DELPHIA. Commencing with 1860. 

PROCEEDINGS OF THE CALIFORNIA ACADEMY OF SCIENCES. San Fran- 
cisco, Cal. Since 1854. 

PROCEEDINGS OF THE Davenport ACADEMY OF NATURAL SCIENCES. 
Davenport, lowa. Begun in 1876. 

PROCEEDINGS OF THE ENTOMOLOGICAL SocrrTy OF PHILADELPHIA. 
Six volumes. 1861-1867. 

ProcEeEDINGs oF THE Unitep States Nationan Museum. Washing- 
ton, D.C. Beginning with 1878. 

PROCEEDINGS OF THE ENTOMOLOGICAL SociEry oF WASHINGTON. 
Washington, D.C. Begun in 1884. 

ProceEDINGS OF THE WASHINGTON ACADEMY OF ScreNCE. Washing- 
ton, D.C. Begun in 1899. 

PROCEEDINGS OF THE Iowa ACADEMY oF Sciences. Des Moines, Iowa. 
Begun in 1887. 

Psycne. Organ of the Cambridge Entomological Club. Cam- 
bridge, Mass. Begun in 1874. 

PUBLICATIONS OF THE CARNEGIE INSTITUTION OF WASHINGTON. 
Since 1900. 

Reports or tHE Unirep Srares GEOLOGICAL AND GEOGRAPHICAL 
Survey or THE Territories. Department of the Interior. 
Beginning with 1867. 
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Smirusonran Miscernanrous Coxiecrions. Smithsonian Institu- 
tion, Washington, D. C. Beginning with 1862. Now published 
quarterly. 

Tur Canapian Entromorocist. Edited by William Saunders and 
lately by C. J. S. Bethune. Guelph, Ontario, Canada. Begun 
in 1868. 

Tue EnromonocicaL Strupent. Philadelphia. April, 1900. Only 
one volume. 

Tue Kansas Universrry Quarrerty. Lawrence, Kans. Begun in 
1892. : 

Tue Onto Narurauisr. Columbus, Ohio. Begun in 1901. 

TRANSACTIONS OF THE ACADEMY OF SCIENCE OF Saint Louis. Begun 
in 1856. 

TRANSACTIONS OF THE AMERICAN ENromoLocicaL Society and Pro- 
ceedings of the Entomological Section of the Academy of Nat- 
ural Sciences. Philadelphia, Pa. Beginning with 1868. 

TRANSACTIONS OF THE AMERICAN PHILOSOPHICAL Society or PHIL- 
ADELPHIA. Second series beginning with 1818. 

TRANSACTIONS OF THE Kansas ACADEMY OF ScrieNcES. ‘Topeka, Kans. 
Begun in 1874. 


FOREIGN PERIODICALS. 


ANNALES DE LA SOCIETE ENTOMOLOGIQUE DE Bextcique. Brussels. 
Beginning with 1860. 

ANNALES DE LA SOCIETE ENTOMOLOGIQUE DE France. Paris. Begin- 
ing with 1832. 

ANNALES DES SciENcES NarurELLES. Paris. Commencing with 
1824. 

ANNALEN D. kK. K. NATURHISTORISCHEN Hormuseums. Wien. Since 


1886. 


ANNALS AND Magazine or Natrurat Hisrory. London. Beginning 
with 1838. Two volumes are issued each year. 


Arcuiv rtr Narurcescuicutre. Berlin. Beginning with 1835. 

Beruiner ENTOMOLOGISCHE Zerrscurirr. Berlin. Commencing with 
1857. 

BULLETTINO DELLA Socrera Enromonuocica Iraniana. Firenze. Be- 
gun in 1869. 


DruTscHE ENTOMOLOGISCHE Zerrscurirr. Berlin. Beginning with 


1881. 


EntToMoLociscHe LirreraTurRBLATTER. JBerlin. Begun in_ 1902. 
Monthly lists of entomological literature. 


Entomoxtocisk Tipskrirr. Stockholm. Begun in 1880. 
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ENTOMOLOGISCHE ZEITUNG. Stettin, Germany. Beginning with 1840. 

Hor Soctreratis Enromonocicz Rossica. St. Petersburg. Begun 
in 1861. 

InLustrierteE WocuHenscuetrt (later Zeitschrift) rir Enromoioerm. 
Neudamm, Germany. 1896-1900. Continued as “ Zeitschrift 
fiir wissenschaftliche Insektenbiologie.” 

LINN#®A ENTOMOLOGICA. Sixteen volumes. Berlin, 1846-1866. 


MiIrrHEILUNGEN DER SCHWEIZERISCHEN ENTOMOLOGISCHEN GESELL- 
scHarr. Bulletin de la Société entomologique suisse. Geneva. 
Begun in 1865. Each volume covers several years. 

S . 


Novirates Zootocicz. London. Begun in 1894. 
Organ of the Tring Museum. 


Orversicr AF Konet. Svenska VETENSKAPS ACADEMIENS FOr- 
HANDLINGAR. Beginning with 1844. Stockholm. 
Proceedings of the Royal Swedish Academy of Sciences. 
Repia. GIoRNALE pI Enromonoctia. Firenze, Italy. Begun in 1903. 


Revur D’ENTOMOLOGIE, PUBLIEE PAR LA SocthTr FRANCAISE D’ENTO- 
MOLOGIE. Caen, France. Begun in 1882. 

REVUE ET MAGASIN DE ZOOLOGIE PURE ET APPLIQUEE. Paris. Begin- 
ning with 1839. 


SITZUNGSBERICHTE DER MATHEMATISCH-NATURWISSENSCHAFTLICHEN 
CLASSE DER KAISERLICHEN ACADEMIE DER WISSENSCHAFTEN ZU 
Wien. Beginning with 1848. Vienna. 


Tue Ewnrtomorocists’ Monruaty Macaztnr. London. Beginning 
with 1864. 


Tue Enromoroaist. London. Beginning with 1864. 


Tue Enromotoatst’s Record AND JOURNAL OF VARIATION. London. 
Begun in 1890. 


Tue JourNAL or Economic Biotocy. London. Begun in 1906. 


TispscHrirr voor Enromorocir. ’s Gravenhage, Holland. Begun 
in 1858. 


TRANSACTIONS OF THE Lonpon Entomo.ocicaL Socrery. Beginning 
with 1836. 

TRANSACTIONS OF THE LInNEAN Socrery-or Lonpon. Beginning 
with 1791. Also issue a “ Proceedings.” 

VERHANDLUNGEN DER ZOOLOGISCH-BOTANISCHEN (GESELLSCHAFT IN 
Wien. Beginning with 1852. Vienna. 

WIENER ENTOMOLOGISCHE ZEITUNG. Vienna. Begun in 1882. 

ZEITSCHRIFT FUR DIE Enromoiogie. Herausgegeben von E. F. Ger- 
mar. Five volumes. Leipzig, 1839-1844. 

ZEITSCHRIFT FUR WISSENSCHAFTLICHE Zootocir. Leipzig. Begin- 
ning with 1848. 
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ZEITSCHRIFT FUR WISSENSCHAFTLICHE [NSEKTENBIOLOGIE. Berlin. A 
continuation of the “Allgemeine Zeitschrift fiir Entomologie.” 
Begun in 1901. © 

Contains lists of recent literature and many reviews. 

ZooLtociscHER ANnzEIGER. Leipzig, Germany. Begun in 1876. 

Contains bibliography of recent literature. 


HOW TO OBTAIN ENTOMOLOGICAL BOOKS AND PAMPHLETS. 


Comparatively few of the works treating of the classification of 
North American insects have been published as separate books; but 
such as have been so published, if of recent date, can be obtained 
through the regular book trade. By far the greater number of the 
monographs and synopses mentioned in the preceding pages have been 
published in scientific periodicals and transactions of scientific socie- 
ties. These periodicals and transactions can be obtained through the 
societies which publish them and through the publishers; but, in the 
case of transactions, single volumes, and more especially single papers, 
are seldom sold, and the older volumes are likely to be out of print. 
Moreover, the expense attending the purchase of all of the periodicals 
containing the publications on a given order of insects will be so great 
as to put them beyond the reach of most entomologists. The custom 
of placing at the disposal of authors a number of separate copies of 
their papers overcomes this difficulty to some extent and creates a 
small supply. Thus it often happens that a person interested can 
obtain a copy of a scientific paper by addressing the author person- 
ally. Many of these separate copies also get into the possession of 
dealers in second-hand books, and can be purchased from them. The 
American Entomological Society, Philadelphia, Pa., the Entomolog- 
ical Society of Washington, and a few other societies here and in 
Europe offer for sale from their duplicates many of these authors’ 


business establishments which make a specialty of the sale of works 
and pamphlets on natural history, including entomology, and it is 
chiefly through these dealers that the student is enabled to secure 
the larger portion of the works. All of those publishing catalogues 
of entomological books and pamphlets are included in the following 
list : 


J. B. Balliére et fils, 19 Rue Hautefeuille, Paris, France. 

The Brooklyn Book Exchange, 176 Clarkson St., Brooklyn, N. Y. 
The Brownell Book Co., 11 East 59 St., New York, N. Y. 

S. Calvary & Co., Neue Wilhelmstr. 1, Berlin NW. 7. Germany. 
F. I. Dames, Voss-Strasse 32, Berlin, Germany. 

Dulau & Co., 37 Soho Square, London, W., England. 

The Franklin Bookshop, 920 Walnut st., Philadelphia, Pa. 

R. Friedlaender & Sohn, Carlstrasse 11, Berlin, Germany. 

Georg & Co., Freiestrasse 10, Basel, Switzerland. 
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William J. Gerhard, 2209 Callowhill St., Philadelphia, Pa. 
A. Hermann « fils, 6 Rue de la Sorbonne, Paris, France. 
Ernst Heyne, Hospitalstrasse 2, Leipzig, Germany. 

U. Hoepli, Corso Vitt. Eman. 37, Milan, Italy. 

W. Junk, Berlin, W. 15, Kurfiirstendamm 20, Germany. 


Paul Klineksieck, 5 rue Corneille, Paris, France. 

Knickerbocker Book Shop, 45 West 34th street, New York, N. Y. 

Kk. F. Koehler’s Antiquarium, Kurprinzstrasse 6, Leipzig, Germany. 

Jacques Lechevalier, 28 Rue Racine, Paris VI°%, France. 

List & Francke, Thalstrasse 2, Leipzig, Germany. 

Dr. H. Liineberg’s Sortiment u. Antiquariat, Karlstrasse 4, Munich, Germany. 

Martinus Nijhoff, Nobelstraat 18, The Hague, Holland. 

G. E. Stechert & Co., 129-133 West 20th st., New York, N. Y. 

Max Weg, Leplaystrasse 1, Leipzig, Germany. 

Oswald Weigel, KGnigsstrasse 1, Leipzig, Germany. 

John Weldon & Co., 388 Great Queen street, London, England. 

H. Welter, Rue Bernard-Palissy No. 4, Paris, France. 

William Wesley & Son, 28 Essex street, Strand, London, England. 

Winkler & Wagner, XVIII, Dittesgasse Nr. 11, Wien, Germany. 

Von Zahn & Jaensch, Waisenhausstrasse 10, Dresden, Germany. 

Hermann Ulrich, Schiitzenstrasse 46, Steglitz bei Berlin, Germany. 

A not inconsiderable portion of the North American literature on 
the classification of insects has been published by the General Gov- 
ernment through various channels, and foremost among them are 
the Smithsonian Institution, the U. S. Department of Agriculture, 
the U. S. National Museum, the U. S. Geological and Geographical 
Survey, and the reports of the various surveys of the Territories. 
Many of these publications are distributed free of cost to anyone 
applying for them; while others are sold at a moderate price to cover 
the cost of publication. Many of them are out of print, and can only 
be obtained through natural history book dealers. 

The state reports of Lintner and Forbes may be obtained from the 
secretaries of the respective state agricultural societies at Albany, 
N. Y., and Springfield, Ill., while the reports of the entomologists of 
the state experiment stations can be obtained from the directors of 
the respective stations. The older reports of the state entomologist 
of Missouri and the state entomologists of Illinois (Walsh, Le Baron, 
and Thomas) are all out of print and can only be obtained by pur- 
chase from second-hand dealers. The same may be said of the well- 
known and often quoted reports of Fitch, which were published with 
the old volumes of the Transactions of the New York State Agricul- 
tural Society. 
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LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
BurEAvU OF ENTOMOLOGY, 
Washington, D. C., August 29, 1912. 

Srr: I have the honor to transmit herewith, for publication as 
Bulletin No. 82, seven papers dealing with certain insects imjurious 
to truck crops. These papers, which were issued separately during 
the years 1909, 1910, and 1911, are as follows: The Colorado Potato 
- Beetle in Virginia in 1908, by C. H. Popenoe; The Parsnip Leaf- 
Miner, The Parsley Stalk Weevil, and The Celery Caterpillar, by F. H. 
Chittenden; The Lima-Bean Pod-Borer and The Yellow-Necked 
Flea-Beetle, by F. H. Chittenden; The Life History and Control of 
the Hop Flea-Beetle, by William B. Parker; Biologic and Economic 
Notes on the Yellow-Bear Caterpillar, by H. O. Marsh; Notes on the 
Cucumber Beetles, by F. H. Chittenden, and Biologic Notes on 
Species of Diabrotica in Southern Texas, by H. O. Marsh; Notes on 
Various Truck-Crop Insects, by F. H. Chittenden. 

Respectfully, 
L. O. Howarp, 
Entomologist and Chief of Bureau. 
Hon. JAMES WILson, 


Secretary of Agriculture. 
Itt 
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The present bulletin has been published in parts, seven in number, 
from time to time as completed, and relates to insects and groups of 
insects of widely different character. It is in continuation of inves- 
tigations on insects injurious to truck and vegetable crops begun in 
1896, the results of which have been published in Bulletins 19, 23, 29, 
33, and 43 and various circulars of this bureau, and in Yearbooks of 
the Department of Agriculture. 

The initial paper, entitled ‘‘The Colorado Potato Beetle in Virginia 
in 1908,” is a logical sequel to Circular No. 87, which treats of the 
same insect in its entire distribution. It furnishes details of experi- 
ments made in tidewater Virginia, and gives special instructions for 
the use of the traction-power sprayer in that region. It also con- 
tains interesting notes on the life history and habits of the species 
for the same region. 

Part IT gives a consideration of three species injurious to umbellifer- 
ous truck crops. The first paper of this part, on the parsnip leaf- 
miner (Acidia fratria Loew), gives a concise account of this insect 
with some original notes on its biology and suggestions for its control. 
The second paper, on the parsley stalk weevil (Listronotus latiusculus 
Boh.), gives the results of original observations conducted on this 
insect in the vicinity of the District of Columbia; indeed, it is the 
first account of this species which has been published. For the 
control of this insect, which is only a pest under certain conditions, the 
abandonment of the culture of parsley is recommended for a short 
period until the insect disappears. The third article, on the celery 
caterpillar (Papilio polyxenes Fab.) makes no claim to originality, but 
introduces the first account with good illustrations of this well-known 
insect which has been published by the Department of Agriculture. 

Part III is devoted to two insects injurious to beans and peas. 
The first of these insects is the lima-bean pod-borer (Htiella zinck- 
enella 'Treit.). The account here given is the first record of the 
occurrence of this imported insect as a pest in America, although we 
have reports of injury as far back as 1885. The second article, on 
the yellow-necked flea-beetle (Disonycha mellicollis Say), embodies all 
the information, recently furnished by agents and correspondents of 
the bureau, that has been gained in regard to a species which is 
widely distributed from New York to Texas, especially along the 


Atlantic coast. 
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Part IV, on the life history and control of the hop flea-beetle 
(Psylliodes punctulata Melsh.), a species injurious to sugar beet and 
many vegetable crops, as well as hops, is supplementary to an article 
on the same species published as Bulletin 66, Part VI. From the 
standpoint of the occurrence of the insect in Br itish Columbia, where 
the particular observations were made, the insect is treated in detail 
with special reference to all of the remedies which have been sug- 
gested, leaving little remaining to be learned about the species at the 
present time. 

Part V considers the yellow-bear caterpillar (Diacrisia virginica 
Fab.) in its occurrence in Colorado during 1909. Details of experi- 
ments with remedies are furnished, showing that arsenicals were not 
entirely satisfactory. Additional experiments should be conducted 
when another outbreak of this species occurs. 

The articles which comprise Part VI, namely, ‘‘Notes on the 
Cucumber Beetles”? and ‘‘Biologic Notes on Species of Diabrotica 
in Southern Texas,” give information in regard to five hitherto little 
known species of Diabrotica injurious in southern Texas, with obser- 
vations on two common species—the striped cucumber beetle and the 
12-spotted cucumber beetle—in their occurrence in the same region. 
The papers are chiefly devoted to data in regard to injurious occur- 
rences, food plants, feeding habits, life histories, and the second 
includes experiments with remedies, arsenate of lead in combination 
with Bordeaux mixture having furnished good results in the 
treatment of some of these species. 

The bulletin is concluded by Part VII, entitled ‘‘Notes on Various 
Truck-Crop Insects.’’ Under the heading, ‘‘On the Natural Enemies 
of the Colorado Potato Beetle,’ four unrecorded insect enemies are 
treated, a list of wild bird enemies is referred to, the chipping spar- 
row is added as a new enemy, and attention is directed to the efficacy 
of the guinea fowl in the destruction of the potato beetle. Notes on 
the potato stalk weevil include a note showing that Trichobaris 
trinotata Say may, at least exceptionally, pass the winter as larva 
or pupa instead of as beetle. Mention is made of three species of 
maggots previously unrecorded as affecting yams. The gregarious 
habit of some common blister beetles is described and mention is 
made of an e‘Tective method of destroying them, namely, by dis- 
lodging them from the plants attacked into pails in which kerosene is 
floating on water. 

F. H. CHIrreNnDEN, 
In Charge of Truck Crop and 
Stored Product Insect Investigations. 
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2 The seven parts constituting this bulletin were issued in separate form on July 28, November 30, and 


December 28, 1809; May 20, August 31, and December 8, 1910; and February 18, 1911; respectively. 
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SOME INSECTS INJURIOUS TO TRUCK CROPS. 


THE COLORADO POTATO BEETLE IN VIRGINIA IN 1908. 


By C. H. Popenor, Agent and Expe’t. 
[In cooperation with the Virginia Truck Experiment Station.] 
INTRODUCTION. 


The tidewater region of Virginia, which comprises Norfolk, Princess 
Anne, Nansemond, and Isle of Wight counties on the western and 
southern, and Northampton and Accomac counties on the eastern 
shore of the Chesapeake Bay, is probably the greatest center for the 
production of early potatoes in the eastern United States. The 
value of the potato crop shipped from these counties approaches 
$6,000,000 annually. Two crops are raised over a small portion of 
this area, while over the greater part, including the counties of Nor- 
folk and Princess Anne, only a single planting is made, the potatoes 
being planted during the latter part of February and the first of 
March, and the crop of new potatoes being harvested in June. As 
this crop is not carried through to maturity, new potatoes being the 
desired product, the action of the late blight is not apparent until the 
crop is ready to harvest and is, therefore, given little consideration as 
a pest. As the early blight does little injury to the plants, the 
Colorado potato beetle (Leptinotarsa decemlineata Say) becomes. the 
worst drawback to the culture of the potato in this locality. The 
long growing season and the inefficient methods employed for the 
control'of this insect pest afford it an unusual opportunity for injury 
over a wide area. In only a few cases are effective methods of 
application practiced, and for this reason demonstration and experi- 
mental work have been thought advisable for the locality. 


STATUS OF THE POTATO BEETLE IN VIRGINIA. 


Owing to the employment of negro labor and the scarcity of capable 
white help the methods for the control of the potato beetle over this 
area are necessarily crude. While the insects are in hibernation no 
effort is made for their destruction, the first attempt to control the 
species being the hand picking of hibernated beetles from the vines 
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by negro children. Afterwards the vines are dusted with land 
plaster and Paris green, applied by shaking a burlap sack, filled with 
the mixture, over the plants which seem to be the worst affected. 
As a result of the imperfect application of the arsenical the crop is 
only partially freed from the insects and, as the application is never 
made until the injury of the first generation or brood of larvee becomes 
very apparent, the vines are not entirely free from the injurious 
effects of untimely defoliation. In many places, also, the plants are 
seriously checked through the injury caused by the beetles, which 
entirely defoliate the young shoots as they are coming through the 
earth, in many cases eating them off level with the ground or below 
the surface. Seed potatoes which remain partially above ground are 
also rapidly devoured by the beetles. 

After the larvee or young commence to appear, the plants showing 
the greatest injury are treated with the dust, this application usually 
being held sufficient for some time. The land-plaster application is 
from three to four times as expensive as a Paris-green spray of equal 
strength, and in several cases in the Norfolk region the application of 
the unnecessary plaster to the already acid soil has produced a state 
of disease in the cabbage crop following the potatoes which has 
lessened the production to a considerable degree. In the case of a 
spray this acidity is not imparted to the soil and injury to cabbage is 
thus avoided. 

In that part of Virginia immediately adjacent to the District of 
Columbia the growing of potatoes is less important commercially 
then in the Norfolk region, and while the beetle is a serious pest 
always, the smaller acreage of potatoes grown renders the control of 
the insect much more easily accomplished. 


LIFE HISTORY AND HABITS. 


In general, the life history of the Colorado potato beetle in Vir- 
ginia agrees with the description already published by Doctor Chit- 
tenden.“ In specimens reared in confinement in the insectary at 
Washington and in outdoor cages at Norfolk in 1908, three genera- 
tions or broods were reared during the summer, and very young larve 
have been seen on tomato at Norfolk as late as the latter part of 
August and the 1st of September. The period of xstivation which 
generally follows the second generation in this species was shortened 
to four days in the beetles which were carried through the stages at 
Norfolk. These beetles issued from eggs collected from the first 
generation May 26. The larve pupated June 20 and issued as adults 
June 28. After feeding until July 3 the beetles burrowed into the 
soil, forming cells, where they remained for a period of four days, 


a Cir. No. 87, Bur. Ent., U.S. Dept. Agr., 1907. 
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FIG, 1.—THE COLORADO POTATO BEETLE (LEPTINOTARSA DECEMLINEATA) ATTACKING SEED 
POTATO IN GROUND, CHURCHLAND, VA. (ORIGINAL.) 


Fia. 2.—YoUNG PoTATO PLANT DEFOLIATED BY COLORADO PoTaTO BEETLES. 


Twenty beetles sometimes on plants this size. Nearly natural size. (Original.) 
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coming after this time to the surface, where the third generation. of 
eggs was deposited three days later. Owing to a scarcity of proper 
food at this time this third generation was not well cared for, and as 
only three mutilated specimens reached maturity the experiment 
was closed. This record, however, verified the existence of a third 
generation, concerning which there has been some doubt. 

The beetles issue from hibernation in the soil, where they pass the 
winter in the adult stage, some time during the first two weeks of 
April, as the earliest potato plants begin to appear above the soil, 
and begin to feed upon these young shoots before producing eggs, 
which, however, are soon deposited. In many cases from six to 
twelve beetles may be seen on a single plant, which is likely to be 
completely defoliated if not entirely destroyed. As many as 20 
beetles are sometimes seen on a single shoot, and where they occur 
in such numbers the plant is very apt to be eaten off close to the 
ground if, indeed, the beetles do not follow the stem into the earth. 
It.is at this time that the attack of the adults is most severe and the 
plant is greatly weakened by such injury. (See PI. I.) 

After the plants reach a considerable size the damage done by the 
larvee becomes most apparent, large plants being defoliated. At 
this time the poison is usually applied to the plants showing the 
ereatest Injury and a majority of the larve are destroyed. 

The beetles which pass through the winter are usually those of the 
third generation. These seem to do very little injury to the second 
crop of potatoes, which is generally quite free from damage and 
rarely needs treatment for insect attack. It would thus appear that 
the beetles coming from this generation hibernate after the first crop 
with but few exceptions and remain in hibernation until the following 
year. A few of the beetles may be seen occasionally upon second- 
crop and volunteer potatoes, but no eggs are deposited, the entire 
injury being accomplished by the adults. Unquestionably many of 
these perish during the long period of hibernation and, on warm 
spring days with an offshore wind, great numbers of the hibernated 
individuals are blown or carried out to sea, where they perish, the 
beach after such a time being frequently covered with windrows of 
the dead beetles. Notwithstanding these facts, a sufficient number 
survives to make the insect the pest that it is, although the destruction 
in this manner must serve as a temporary check to the increase 


of the species. 
INSECT ENEMIES. 


The insect enemies of the potato beetle were very little in evidence 
in tidewater Virginia during the season of 1908. Podisus maculi- 
ventris Say was noted and the usual tachinid parasitization was 


a This statement is substantiated by similar observations by Dr. A. D. Hopkins 
and Mr. E. A. Schwarz, of the Bureau of Entomology. 


4 SOME INSECTS INJURIOUS TO TRUCK CROPS. 


present, but at a very low figure, eggs being seen on only 3 to 4 per 
cent of the larve. Harpaline ground-beetles were abundant and 
Lebia grandis Hentz was undoubtedly a factor in keeping down the 
great increase of the potato beetle. 


REMEDIES. 


With regard to remedies, a considerable number of experiments 
was performed with a view to discovering the cheapest and most 
effective insecticide for controlling the potato beetle. Several plats, 
consisting of one-tenth of an acre each, were prepared for testing the 
effects of the poisons on the plants and on the larve. An insight 
into the methods of research by which the results were obtained may 
be of value to the investigator, and a somewhat detailed account of 
the experiments with insecticides is given. 


EXPERIMENTS WITH INSECTICIDES. 


A plat of about 14 acres was selected early in the season and planted 
to potatoes, a single variety being used. The plat was divided into 
rows of such a length as to contain one-fortieth of an acre, four of these 
rows constituting a test plat of one-tenth of an acre. The plat was 
allowed to become thoroughly infested by beetles and larvze in several 
stages. The various plats were then numbered and treated with the 
different insecticides. The fertilizer treatment was the same in all 
cases, and as the ground on which the potatoes were planted was 
new, the yield could not have been affected by a residue of fertilizer 
remaining in the soil from the previous year. The poisons were 
applied with a knapsack sprayer. 

Experiment No. 1.—One-half pound white arsenic and 2 pounds sal 
soda were boiled together in one-half gallon of water until dissolved. 
The mixture was used in the proportion of 1 pound of arsenic to 50 
gallons of water, with the addition of 6 pounds of lime per 50 gallons 
of solution, and was applied about 10 a. m. 

Twenty-four hours after spraying, the plat was examined and no 
living beetles or larvee could be found. At this time no damage to the 
foliage was apparent as a result of the arsenic, but two days later the 
potatoes showed extensive burning and scalding. The foliage was 
almost entirely killed by this application, and some time was required 
for the plants’ recovery. 

Arsenic in this form is a very cheap insecticide but, on account of 
its effect on the plants, could not be used, although extremely 
effective in destroying the leaf-feeding insects. 

Experiment No. 2.—Commercial arsenate of lead was applied with 
Bordeaux mixture. Five pounds arsenate of lead paste with 4 pounds 
of copper sulphate and 6 pounds fresh lime were used in 50 gallons of 
water. The day was bright and clear with a southwest wind and a 
temperature of 85° F. 
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Examination the following day showed no living larve present on 
the vines. A small number of dead larve still clung to the stems in 
some places. No injury to the foliage was seen nor did any afterwards 
appear. 

Experiment No. 3—Arsenate of lead was applied at the rate of 6 

pounds to 50 gallons of water. The day was bright, with a tempera- 
ture of 87° F. and a southwest breeze. 
_ An application of this strength resulted in destroying 85 to 90 per 
cent of the larve in twenty-four hours, and all of the larve in forty- 
eight hours. No injury as a result of the poison was seen at this time 
or later. 

Experiment No. 4.—For this plat, Paris green without lime was used 
at the rate of 4 pounds to 50 gallons of water. The weather was as 
in Experiment No. 3. 

Twenty-four hours later the mortality of the larve had reached 80 
to 85 percent. The remainder of the larve were in a dying condition 
and no damage to the vines was noted at this time as a result of the 
arsenic. By the next day, however, some traces of burning were to 
be seen although not of a serious nature. The larve were by this 
time thoroughly exterminated on the plat. 

Experiment No. 5.—This plat was sprayed with a Paris-green mix- 
ture, consisting of 3 pounds of Paris green with Bordeaux mixture, 
composed of 4 pounds copper sulphate, 6 pounds of lime, and 50 gal- 
lons of water. The day was bright, with a temperature of 85° F. The 
mixture was applied thoroughly and remained on the leaves well. 

An examination of the plants forty-eight hours after treatment 
showed no injury to the leaves of the potatoes, while the larve had 
succumbed to the poison, the vines being completely cleared. 

Expervment No. 6.—This plat was treated with a mixture of Paris 
green and land plaster at the rate of 1 pound of Paris green to 50 
pounds of plaster, the mixture being put in a coarse burlap bag and 
sifted over the plants by a negro laborer in the usual plantation 
manner, the amount of dust used being at the rate of 320 pounds per 
acre. The wind prevailing at the time carried a large part of the dust 
from the plat as it was applied, but the portion remaining was suffi- 
cient to thoroughly destroy the larve by forty-eight hours afterwards. 

This mixture killed 90 per cent of the larve during the first twenty- 
four hours, and is very effective in controlling the potato beetle. 

Experiment No. 7.—To this plat Paris green powder was applied, 
mixed with lime at the rate of 1 pound Paris green to 10 pounds 
sifted air-slaked lime. The mixture was applied with a powder 
bellows early in the morning and the application was at the rate of 30 
pounds per acre. ; 

Twenty-four hours later all of the larve had been destroyed. 
Extermination was complete, with no injury to the foliage. This 
mixture seems superior to the plaster mixture used in experiment 
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No.6. The application was much more thorough, although barely 10 
per cent of the amount of mixture used in the previous experiment 
was applied. This would greatly lessen the quantity of the acid- 
producing material, the use of lime as a base for the powdered arsenic 
tending to correct any acidity in the soil instead of increasing the acid 
content. Moreover, the cost of this application is much less, as it 
can be applied at a cost of about $1.20 per acre, while the cost of the 
usual mixture is about $4.20 per acre. The efficiency of the mixtures 
is about equal in either case. ; 

Experiment No. 8.—In this plat arsenite of copper was applied at 
the rate of 4 pounds to 59 gallons of water. The poison was applied 
without lime. The weather was bright and warm with a northeast 
wind. 

This poison proved equally effective with Paris green used in the 
same quantity but differed in that no damage to the foliage was noted 
as a result of the application. The larve were entirely destroyed. 

Experiment No. 9.—Arsenite of copper, 4 pounds, to 6 pounds of 
lime in solution with 50 gallons of water was sprayed on this plat. 
This application was quite effective and at no time produced burning 
of foliage as an after-effect of the arsenic. 

The check plat was severely defoliated by the beetles and larvee 
and was undoubtedly injured by the neglect of spraying. The yield 
of potatoes from this plat was considerably less than that of the 
properly sprayed plats. 


SUMMARY OF EXPERIMENTS. 


The following table will show the results of experiments with vari- 
ous insecticides: 


K+ 
we OD 
os} Date. Insecticide used. Effect on plant. Effect on insect. Remarks. 
og 
Za | 
1 | May 25 | Arsenite of lime........| Badly burned..| Entirely destroyed in | Damage to plants too 
| 24 hours. great to permit its 
| | use, although cheap- 
est preparation of 
those employed. 
2 | May 27 | Arsenate of lead with | None.........-. Entirely destroyed in | Excellent yield from 
Bordeaux mixture. 48 hours. plat so treated. 
3 | May 26 | Arsenate oflead.......|...-- Goss se sass All killed in 48 hours..| Applied at rate of 6 
| pounds to 50 gallons 
water. 
4 | May 26) Paris green without | Slight burning -| Very effective......... 4 pounds to 50 gallons 
lime. water. 
5 | May 27 | Paris green with Bor- !..... O52 Seah 5) see (CUE ee eae 3 pounds Paris green to 
deaux mixture. 46-50 Bordeaux 
mixture. 
6 | May 26 | Paris green dust with |..... (0 (oe ee aaa e (6G eae Paecioe 4 pounds Paris green to 
land plaster. ton land plaster. 
7 | May 27 | Paris green dust with |..... do.........-| 98 per cent destroyed..} 1 pound Paris green to 
lime. 10 pounds air-slaked 
lime. 
8 | June 17 | Arsenite of copper. ....|---.-- dois. -5--2|| Veby.etectivie:.easoaer 4 pounds arsenite of 
copper to 50 galions 
° water without lime. 
9 | June 14 | Arsenite ofcopper with |... -- GOht chee eee ee GOs asc eee 4 pounds arsenite of 
lime. copper with 6 pounds 
lime to 50 gallons 
water. 
LOWEMay. 260 sNones-ccess eee eaee eee @heckas 6 4e-- Cheeks 23 4as20e-se aes Beetles very injurious 
June 14, 
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THE TRACTION POWER SPRAYER IN USE. 


On several occasions a large traction power sprayer, working at a 
pressure of from 90 to 150 pounds, was used, operating on 5 or 6 rows 
at a time. The application with this machine was very effective, 
the plants being thoroughly sprayed above and from below, and 
were thus completely covered with the mixture. With from 2 to 4 
pounds of Paris green to 50 gallons of water this machine did very 
effective work in the control of the larve in large plats of from 30 to 
50 acres. 

This machine was used for demonstration, as the small sprayers 
employed in the locality are usually of such a type as to apply the 
insecticide at a very low pressure; in fact, doing little better than 
merely sprinkling the upper surface of the vines. It is hoped that 
the truckers will take advantage of this practical demonstration to 
the extent of purchasing similar high-grade machines for doing this 
work. The work done by the traction dust distributors is of value, 
but on account of the higher cost of the insecticide applied in the form 
of dust it is desirable that sprayers should replace the dusters, even 
without considering damage to later crops resulting from the use of 
land plaster. If lime should replace the plaster in this mixture, at 
least for a time, the resultant acidity of the soil would be counter- 
acted and more favorable soil conditions would follow, thus preventing 
fertilizer injury from this source. 

The amount of lime distributed by a properly combined spray of 
Bordeaux mixture or of Paris green with lime is a negligible quantity 
in any case, while a decidedly beneficial effect is noted as a result of 
Bordeaux mixture applications, the yield being increased by from 40 
to 50 bushels per acre in several experiments conducted by the New 
York (Geneva) station. Paris green is admitted to possess about 
one-fourth the fungicidal value of Bordeaux mixture, but applied 
alone is quite likely to injure the vines, while Bordeaux mixture seems 
to prevent injury by any arsenical applied with it, even in the case 
of white arsenic-sal soda mixture. It has also been noted that the 
potato beetles dislike plants sprayed with Bordeaux mixture and 
when ready to oviposit leave such plants for those which have not 
been so treated. Both Paris green and arsenate of lead have yielded 
very satisfactory results as applications for killing beetles already on 
the plants, while the Bordeaux mixture acts as a repellent. The cost 
of material and expense of application for a Paris green or arsenate 
of lead spray, with Bordeaux mixture, is about 95 cents per acre, 
while the application of Paris green and land plaster by plantation 
methods costs nearly $4.20 per acre. The value of the copper unit, 
one of the active constituents of Bordeaux mixture, as a fungicide 


@Bull. 290, New York (Geneva) Agr. Exp. Sta., 1907. 
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develops in the spraying solution but is not freed in the dust applica- 
tion, and, again, the dust does not adhere to the leaves as well as 
does a liquid application. If arsenate of lead is the insecticide 
chosen, its adhesive qualities increase its value since it adheres much 
longer to the foliage in wet weather than has any other mixture yet 
tested, thus making frequent applications unnecessary. 

In the case of newly cleared land, which is frequently planted in 
potatoes as the first crop, it may be necessary to use a hand sprayer, 
or even a dusting bag, as the presence of tree stumps (PI. IT) seriously 
interferes with the effective use of power sprayers, but where possible it 
is desirable to make use of large machines for spraying, thus lessening 
the cost of application and increasing to a greater degree the efh- 
ciency of the remedial measures. The cost of a good power sprayer, 
properly equipped for effective work on potatoes, varies from $75 to 
$125, which amount would easily be saved in the space of one season 
by the increased yield in the potatoes treated, where a sufficient 
number of potatoes is grown to justify the employment of a power 
sprayer. As experiments have shown that treatment at least three 
times during the growth of the vines is well repaid by the increase in 
yield, a means of covering the planted areas rapidly and effectively 
is highly desirable, and the larger spray outfits are well adapted to 
this work. 

CONCLUSION. 


In conclusion, it is suggested that at least three thorough applica- 
tions of Paris green, or arsenate of lead, with Bordeaux mixture be 
made, the first applied about the time that the first eggs begin to 
hatch and the later applications at intervals of about three weeks. 
By this method the beetles should be easily controlled and the injury 
therefrom almost entirely obviated. 
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THE PARSNIP LEAF-MINER. 
(Acidia fratria Loew.) 


By F. H. Cuirrenpen, Sc. D. 
In Charge of Truck Crop and Stored Product Insect Investigations. 


INTRODUCTION. 


Since the year 1903 this species, hitherto considered rare, has 
made its appearance nearly every year in the District of Columbia 
in such considerable numbers that by July beds of parsnip are found 
so extensively infested by the maggot or larva that at least 25 per 
cent of the leaves are sometimes destroyed. The leaves show mines 
of varying sizes, from that of a dime to others covering the greater 
portion of a leaf. In 1906 and 1907 the species could not be found 
in the District of Columbia, but it returned in 1908. A more com- 
plete account than has hitherto been available of the insect is here- 
with presented. 

EARLY HISTORY. 

Our first knowledge of the existence of this species as an enemy 
to crop plants was published in 1895 in a short illustrated note by 
Mr. D. W. Coquillett.c At that time it was recorded as having 
attacked parsnip leaves at Cadet, Mo., in June, 1891. The leaves 
had been quite extensively mined, and three adults were reared June 
23, proving to be Trypeta fratria, as it was then known. 

In 1899, Mr. R. W. Doane published a note on this species,’ 
recording its rearing from Heracleum from Almota, Wash., and its 
occurrence at Pullman, Wash. He considered Thomson’s liogaster 
the same species, and stated also that our species may be identical 
with the European Acidia (Trypeta) heraclei L., or celery leaf-miner, 
said to be a destructive enemy of celery in England. 


DESCRIPTION. 


The fly—The mature fly in life is a beautiful object. Its body is 
pale yellow, as are also the legs; the abdomen is pale green, and the 
wings are beautifully ornamented with yellow alternating with 
white, forming the pattern shown in figure 1, a. Near the middle of 
the anterior margin of the wings there is a dusky, nearly black spot, 


a Insect Life, Vol. VII, p. 383. 
b Journ. New York Ent. Soc., Vol. VII, p. 178. 
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while in the corresponding position on the posterior margin there is 
a paler dusky spot two or three times as large. The head is yellow, 
and the eyes large and brilliant green with bluish reflections. The 
ovipositor varies from yellow to black. None of these colors is so 
bright in preserved specimens. The length of the body is about 
three-sixteenths of an inch (5 mm.), and the wing expanse is seven- 
sixteenths of an inch (11 mm.). 

The larva, or maggot (fig. 1, b) —The larva, or maggot, is of the usual 
form of the Trypetidz, measuring about five times as long as wide. 
It is nearly transparent, except in the interior portions, where it is 
yellowish. The contents of the abdominal cavity appear greenish 
through the skin. The length of the body is 7 mm. and the width 
1.4mm. The anal segment of the larva as seen from the extreme end 
is illustrated at fig- 
are es 

The puparvum.— 
The larva when full 
erowncontracts and 
hardens, forming a 
coarctate pupa or 
puparium (fig. 1, d), 
serving the purpose 
of a cocoon in inclos- 
ing the true pupa. 
In the present spe- 
cies, as with others 


of this group which 
Fig. 1. The parsnip leaf-miner (A cidia fratria): a, Fly; b, larva, lateral have been studied 
view; c, anal segments of same; d, puparium; e, cephalic extremity; 5 ay 
f,analextremity; g, row of cephalic spiracles; h,analspiracles. a,b,d, the form is oval in 
’ Much enlarged, remainder more enlarged. (After Coquillett, except outline imperfectly 
b, c, original.) 2 


cylindrical, and ta- 
pering almost equally at both ends.t The lower surface is somewhat 
flattened and attached to the leaf by a viscid secretion. The length is 
twice the width and the color pale green when first formed, changing to 
straw color with greater age. The body is composed of 11 strongly 
marked segments. The mouth-parts are retracted within the pupal 
skin, and the cephalic or thoracic appendages (spiracles or trachez) are 
well indicated, forming two ares, together equivalent to about two- 
thirds of a circle (fig. 1, e). The spiracles are very minute and 
difficult to count, but there are evidently between 21 and 24 on each 
side (fig. 1, g), the probabilities being that there is no constancy as 
regards the number. The length is 4.5 mm. and the width 2.25 mm. 


a The writer fails to see how the Trypetid pupa can be described as ‘‘barrel-shaped,”’ 
as is done by many writers. 


——S ee ae EE 


Ee a 


in? 


THE PARSNIP LEAF-MINER. 11 


The anal extremity is illustrated at f, figure 1, and the anal spiracle 
at h. 

As long ago as 1873 Osten Sacken assigned this species to typical 
Acidia, but it has been generally known as Trypeta fratria.. The 
following short technical description is quoted from Osten Sacken:2 

Clay-yellow, stature short and somewhat broad, with four bristles on the scu- 
tellum; wings with yellowish-brown rivulets, which enclose an oval, hyaline spot 


before the end of the discal cell; the end of the fourth longitudinal vein is not curved 
forwards. 


DISTRIBUTION. 


The localities recorded for Acidia fratria are comparatively few, 
considering the fact that the species is not really rare. Osten Sacken 
gave ‘Atlantic States.’ Thomson found it in California, and others 
have recorded its occurrence in. Missouri, Washington, andNew Jersey. 
To this must be added the District of Columbia. The above evi- 
dently indicates a moderately wide distribution, especially if the 
species should prove to be the same as heraclei L., common to both 
continents. At least it extends across the continent from the Atlantic 
seaboard to the Pacific Ocean. 


BIOLOGIC NOTES. 


While new data have been obtained, the life history is still incom- 
plete. The fly has not been observed depositing its eggs, and the 
egg and method of oviposition therefore remain unknown. The fact 
that the mines always extend to the margin of the leaf affords an indi- 
cation that the eggs are deposited at least near the margin, and the 
fact that the larve when full grown have usually worked down into 
the end of the leaf nearest the leaf-stalk (see fig. 2, a) shows that the 
ege is probably deposited in most cases near the other end or apex of 
the leaf. 

The larvee under observation in 1903 began to attain maturity July 
19, the adults issuing in August. Material under observation in 1908 
transformed to pupx May 22 and the first adults issued June 6, the 
pupal period having been passed in fourteen days. 

While these insects usually form puparia in the old larval mines, in 
many cases also they desert the mines, especially small ones, and form 
separate puparia in the same or other leaves. Mines are more often 
found with two or three larve or puparia within than with a single 
inhabitant, and as many as eight have been counted on a single leaf. 
To the average person the mines made by this species would scarcely 
be recognized as such, as the leaves merely present the appearance of 
dying from natural causes, portions of them drying and withering. 
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At the time when puparia are formed on the leaf surface (see fig. 
2, b) that portion of the leaf is still green, but before the adult hatches 
the infested area usually turns brown, like the larval mines, and the 
first two or three segments of the pupartum may be seen protruding 
at the margin of the leaf. With the further drying of the leaves 
more segments are exposed, and sometimes the entire puparium is 
brought to view (fig. 
2, c) attached by its 
underside to the sur- 
face of the leaf. 

The mines are of 
irregular form, but 
are usually more or 
less rounded or ob- 
long, although some- 
times irregulary tri- 
angular when found 
in the apex of a leaf. 
The two outer sur- 
faces of the leaves be- 
come separated, and 
the excrement, very 
fine and powdery 
and nearly black, 
can be seen by hold- 
ing the mines to the 
light. The location of 
the larvee can also be 
made out in the same 


Fig. 2.—Parsnip leaves showing location of larva of Acidia fratriainits Manner ii indeed, the 
i 5 ze i Pace fex i t 
mine at a; of concealed puparia at b, and of exposed puparium at c larvee can not be seen 


Drawn from life. (Original.) 5 
ona plain surface. 

The maggots usually work somewhat closely together, and the 
puparia also are frequently found placed side by side. Lower leaves 
of plants are more affected than are upper ones, and attack has been 
noticed to be more extensive where plants are grown in shady 
locations. 

A single parasite, Syntomosphyrum sp., a chalcidid, determined by 
Mr. J. C. Crawford, has been reared by the writer from this maggot. 


METHODS OF CONTROL. 


According to the writer’s experience, this species shows a fondness 
for plants that have run to seed. Hence it is not desirable to plant 
beds in the vicinity of parsnip or other susceptible crops grown 
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for the market. European writers on the celery leaf-miner state that 
dusting the affected leaves with a mixture of finely powdered soot and 
lime, three parts to one, has proved beneficial in preventing the flies 
from depositing their eggs upon the leaves. It is applied when the 
leafage is damp. Other similar deterrents, such as road dust, would - 
have about the same effect. 

Sprays of kerosene emulsion and of carbolized kerosene emulsion 
have also been reported to be successful in the treatment of young 
plants affected by the celery leaf-miner. These, if applied at the 
proper time, would act as deterrents and might have some effect on 
the larve at about the time when they are ready to transform to 
pup and when the mines are thin. It is doubtful, however, if either 
of these fluids would penetrate the leaves to any great extent except 
at this time. 


THE PARSLEY STALK WEEVIL. 


(Listronotus latiusculus Boh.) 


By F. H. Cuirrenpen, Sc. D., 
In Charge of Truck Crop and Stored Product Insect Investigations. 


INJURIOUS OCCURRENCE. 


Certain species of curculios, or weevils, of semiaquatic habits that 
normally feed upon wild plants growing in marshy situations, through 
the reclamation and cultivation of such tracts, occasionally attack 
crop plants, and for a season or more accomplish serious damage. 
In many instances injuries are peculiarly local and are not apt to 
recur,” but there is always a possibility that insects of such habits 
may, in course of time, after the cultivation of the same areas, with 
or without the disappearance of these wild food plants, become 
permanent pests. An instance may be cited which came under the 
observation of Prof. F. M. Webster, of this Bureau, in Ohio, in 1894, 
of attack on cabbage by two semiaquatic species of weevil, Listronotus 
appendiculatus Boh., and Notaris (Erycus) puncticollis Lec. About 
50,000 plants were set late in June in a field of swamp land under- 
drained the previous year, and as many as 10 individuals of the 
first-mentioned species were found about single plants, gouging 
great cavities in the stalks. The former, with others of its genus, 
develops normally in arrow-head (Sagittaria spp.) and some related 
aquatic plants. 

It is not surprising, then, that similar injuries should be committed 
by insects of the same class. During the last of July and first days 
of August, 1902, Mr. F.C. Pratt, of this Bureau, noted injury to parsley 
grown at Four Mile Run, Virginia, which upon examination was 
found to be due to both larve and adults of Listronotus latiusculus 
Boh. Injury continued the following season—1903. It thus ex- 
tended over four years—1900 to 1903, inclusive. 


a This holds for several forms of bill-bugs (Sphenophorus spp.), but the most injuri- 
ous species are practically permanent corn pests in certain localities, owing to environ- 
ment; for example, in cornfields planted in the immediate vicinity of marshes, 
rivers, or other bodies of water in which the aquatic plants in which they have their 


natural homes abound. 
14 
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DESCRIPTION. 


The beetle is a weevil of the family Curculionide. It is of some- 
what obscure appearance, there being many other species which 
resemble it superficially. It is shown in the illustration (fig. 3, a). 
Its resemblance to the clover-leaf weevil and related species (Phyto- 
nomus) is apparent. The two genera are intimately related. From 
the latter genus Listronotus may be distinguished by the different 
proportions of the ventral segments, the first, second, and fifth being 
long, and the third and fourth very short. The legs are more slender, 


-and the tibie are bent inward at the tips and are quite strongly 


a 


mucronate. The species, so far as known, are winged. Twenty-two 
species are indicated by Horn.? L. latiusculus Boh. is very closely 
related to L.impressifrons Lec. Le Conte describes the two species as 
agreeing in form and sculpture and in having the last ventral segment 
of the female not impressed, but in latiusculus the rostrum or snout 
is feebly channeled and sulcate with the frontal fovea faintly indi- 
cated, while in impres- 
sifrons the rostrum is 
strongly channeled 
and sulcate with the 
frontal fovea deep. 
The length without 
the rostrum is about 
one-fourth of an inch 
'o-7.5. mm.).,. The 
color is brown, varied Fig. 3.—Listronotus latiusculus: a, Beetle; b, larva from side; c, two 
with rather minute abdominal segments from above; d, pupa. All much enlarged. 
golden or cupreous (7sinl) 

seales, with which the entire surface is covered. The rostrum from 
the eyes to the tip is of nearly the same length as the thorax. 

The egg—tThe egg is variably oval, from about two-thirds to three- 
fourths as wide as long, not visibly flattened, and without apparent 
sculpture. The only eggs examined were of a decidedly dusky hue, 
but when freshly laid they were probably pale gray or whitish 
and subtranslucent. Their length is 0.70-0.75 mm., and the width 
0.48—0.55 mm. 

Tie larva (fig. 3, b, c)—The larva differs from those of the ordi- 
nary Curculionid form in being less curved. It is considerably flat- 
tened and crawls easily, being comparatively active. The larva in 
the cut is shown in the position assumed after death. When alive 
and stretched at full length it is a trifle longer than the beetle. It is 
of the usual milk-white color so common in curculio larve, and. has 
the same pale, reddish-brown head and darker mouth-parts. The 


@ Rhynchophora of America North of Mexico, 1876, pp. 127-136. 
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‘head is comparatively small, of about the same width as length, 
excluding the mouth-parts. 

The pupa (fig. 3, d)—The pupa is creamy white in color and is 
rather thickly covered with short, stiff bristles, which assist it in loco- 
motion. It is quite active and capable of crawling a considerable 
distance. 

DISTRIBUTION. 


Le Conte’s type and cotypes were from Georgia and Louisiana. 
The species is recorded or has come under the writer’s notice from 
a limited number of localities. These include Ithaca, N. Y. (Chit- 
tenden); New York, N. Y. @Juelich and Roberts); Buffalo, N.Y. 
(Juelich) ; Madison, Gloucester, and Hudson County, N. J. (Smith); 
Four Mile Run, Va. (Pratt); and Washington, D. C. 


INJURY AT FOUR MILE RUN, VIRGINIA. 


When this species was first observed, in the latter part of July, sev- 
eral larve and a single adult were found in the tuberous roots under- 
ground. The trucker on whose farm the injury was committed stated 
that he had observed attack by this species the two years before, i. e., 
in 1900 and 1901, when it occasioned some loss. The outward mani- 
festations consist in the tops of the parsley beginning to turn yellow, 
then wilting, and finally drying out. When a plant was pulled, the 
roots broke off just below the surface of the ground, frequently dis- 
lodging the larva or grub and leaving others below. September 5, 
when a third visit was paid to the infested locality, injury had 
increased beyond all expectations, nearly half of the crop having been 
destroyed. Asin the previous instance, larve and adults were found, 
as also pup. It is obvious, therefore, that the single adult found on 
the first occasion was a strageler from the first or hibernated genera- 
tion and the beetles found later were members of the new generation. 
Where the larvee were found attacking small stems—those less than a 
quarter of an inch in diameter—injury was shown quite early and the 
plant was killed. But in older stems from one-half to three-fourths 
of an inch in diameter damage was not so conspicuous. Large tubers 
show excavations on an average of about 1 inch in length and a fourth 
of an inch in diameter. Owing to the soft nature of the roots these 
excavations are decidedly irregular and assume a light reddish-brown 
color. The holes made by the beetles in exit are so large that some- 
times considerable quantities of earth are washed in by rains and 
doubtless assist in promoting decay, leading to the ultimate destruc- 
tion of the plants. Some of the outer roots proceeding from the 
tubers are also penetrated. In one root under examination, con- 
taining two larve, less than one-fourth of the root remains, the rest 
having been destroyed by decay. In 1903 larvee were observed as 
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late as September 4, hatching in the outside leaf-stems and burrowing 
through until they had penetrated the root. In the illustration (fig. 4) 
injured plants are shown, the one on the right containing a larva, 
natural size; in the roots. 


OVIPOSITION. 


It was readily learned that the beetles deposited their eggs in parsley 
stalks, large punctured areas corresponding to the diameter of the 
snout of the beetle being noticeable from a point just below the top 


Fig. 4.—Parsley roots showing work of parsley stalk weevil. (Original.) 


of the stalks nearly to their base. Three or four such places of egg 
deposit are usually seen in a large stalk. The usual number of eggs 
inserted seems to be two, although frequently a third is found and 
sometimes only one. Most curculionids, however, deposit a single 
egg in a slit made for the purpose. Where the stalk has attained 
sufficient size and strength to continue growth after the beetle has 
deposited its eggs, the larva lives within it, going downward into the 
roots. In some cases plants are killed by too many punctures, par- 
ticularly when quite small and delicate, and then the larve desert the 
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stems, evidently by simply tumbling out to the ground, into which 
they crawl and attack the roots by boring in from outside. 


FOOD PLANTS AND HABITS. 


Most collectors of Coleoptera who have had opportunity to observe 
aquatic and other forms of beetles that frequent ponds and water 
courses are familiar with the fact that the genus Listronotus is to 
be found in the greatest abundance on aquatic or semiaquatic plants, 
more particularly on Sagittaria. Years ago Dr. C. M. Weed made 
observations on the present curculio and its food habits.¢ He 
found the larve in seed capsules or heads, as well as in stalks, of 
the common arrow-head (Sagitiaria variabilis) and furnished some 
interesting observations on the insect’s life history. Beetles began 
to emerge September 23 (in Ohio), continuing emergence until the 
middle of October. The length of the pupal stage was determined 
as eleven days. The duration of the egg stage should be about the 
same at the same temperature, but in a high temperature in a warmer 
climate like that of Washington eggs might develop in seven days, 
while the larval stage is of only a few weeks’ duration. During the 
same year that Doctor Weed wrote of this species, the late Wilhelm 
Juelich informed me that he had found the beetles near New York 
City in the lower parts of reeds (Phragmites), near the bottoms. 

In the Bureau of Entomology we have a record of the finding of 
the larva by Mr. A. Koebele in August, 1884, in Virginia, near the 
District of Columbia, in the seed capsules of a species of Sagittaria, 
August 31. The beetles developed in great numbers, beginning 
September 22. 

It is not usual that phytophagous Coleoptera develop in so many 
portions of a plant as in the case of the present species, which exists 
as larva in the seed capsules and stalks of one plant and in the roots 
of a different plant.’ It is not probable that it would be able to live 
in portions of purely terrestrial plants other than the roots or stalks 
near the ground, because the insect evidently requires a more than 
usual degree of moisture. In other words, it is semiaquatic.? 


a malt One few Bee Sta., Tech. eee Vol. Il, No: 1; pp.10, 115.1889" 

b Compare the writer’s Dientnane with ahem on the biology of Conotrachelus 
elegans (Bul. 18, n. s., p. 94), which breeds commonly at the roots of Amaranthus 
and has been stated by others to live on hickory; since the eggs are known to be de- 
posited in rolled-up leaves of hickory, it seems probable that the beetles develop in 
some other portion of that plant than at the roots. The congeneric plum curculio 
(C. nenuphar Hbst.) not only develops in the plum and other stone fruits, but also 
in black-knot (Plowrightia morbosa). 
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METHODS OF CONTROL. 


his crop on account of the ravages of the weevil. Hence no experi- 
ments could be made with remedies. There can be no doubt that 


ulsion applied about the roots in the same manner as for root- 
maggots and similar insects. All things considered, however, in 


id. After the lapse of a year or two, perhaps, parsley might be 
grown with impunity in the same locality. 


THE CELERY CATERPILLAR. 
(Papilio polyxenes Fab.) 


By F. H. Currrenpen, Sc. D. 
In Charge of Truck Crop and Stored Product Insect Investigations. 


INTRODUCTION. 


Everywhere in beds of celery, carrots, parsley, and related plants 
there will be found, during summer and autumn, numbers of a large 
green or yellowish caterpillar, ringed with black. This is the celery 
caterpillar, known also as the parsley worm and by other common 
names. It is, everything considered, one of the insects best known 
to the grower of the crop plants mentioned, this being due to its 
large size and conspicuous, gay coloring. It feeds upon the leaves 
of plants and, when abundant, attacks the blossoms and undeveloped 


seeds. If left entirely unmolested it might, save for the intervention 


of natural enemies, become a serious pest, since it is a voracious 
feeder. It is readily controlled, however, by handpicking, and this 
helps to reduce the numbers of the pest. In addition, its habit of 
feeding on wild parsnip, wild carrot, and other umbelliferous weeds, 
which are altogether too abundant, serves to distribute attack as 
well as to divert it from useful plants. 


DESCRIPTIVE. 


Nearly every year inquiries are made in regard to this insect, but 
it is seldom so plentiful as to call for advice in regard to treatment. 

Complaints of injury and requests for remedies, however, have 
been received in recent years from portions of Long Island, Maryland, 
District of Columbia, Virginia, Iowa, and some other regions. In 
our correspondence it has attracted most attention because of its 
occurrence on celery, parsley, and sweet fennel. 

The egg.—The egg of this butterfly is of globular form and rather 
large, measuring about 1 mm. in width and the same in height. It 
is flattened on the surface by which it is attached, as shown in figure 
5, d. When first laid the egg is pale honey-yellow, but afterwards 
turns in parts to reddish brown. The surface is slightly glistening 
and covered with microscopic granulations. 
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The larva.—The young stages of the larva are totally dissimilar 
to the mature ones. [ive distinct stages are recognized, the second 
of which is illustrated at e, figure 5. This caterpillar is shown, 
lateral view, in figure 5, a. It is usually green, sometimes yellowish, 
and strongly ringed with velvety black and spotted as figured. 
Another caterpillar is shown at } to illustrate the appearance of the 
head and the peculiar yellow scent organs (osmateria). These are 
protruded when the insect is disturbed, and they exhale a pungent 
odor, similar to that of the bruised leaves of their food plants but of 
greater intensity and very disagreeable. 

The adult.—The parent insect is one of the swallowtail butterflies 
known by various names, but more commonly as the black swallow- 
tail. The ground color is velvety black, relieved by yellow bands in 
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Fig. 5.—The celery caterpillar (Papilio polyrenes): a, Full-grown larva, side view; 6, view showing 
head with extruded osmateria; c, male butterfly; d, egg in profile; e, young larva; f/, suspended chrysalis: 
All about natural size, except d, which is much enlarged. (Original.) 
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the male, as shown in the illustration (fig. 5). The hind wings are 
ornamented on the inside by eyelike markings resembling those of 
the male peacock, and they terminate in the ‘‘tails,”’ from which the 
insect derives its common name. The female (fig. 6) is of larger 
size, somewhat faded black, and in every way of a more somber 
appearance than her spouse—a rule which holds good for most 
butterflies. Many of the yellow spots, particularly those arranged 
in the form of bands, are wanting, and the hind wings are ornamented 
with pale blue scales on the posterior half. This species is subject 
to every conceivable variation in color. The wing expanse is usually 
3 inches or a little more. 

The chrysalis.—The chrysalis is of a dull gray color, mottled with 
black and brown, and measures a little less than 14 inches (see fig. 5, /). 
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DISTRIBUTION. 


In some respects this is one of the most interesting of the insects 
found attacking garden plants. In the first place, it appears to be 
limited to no special life zone, if we can judge by the records of dis- 
tribution. It occurs in every State and Territory inthe Union. From 
a very considerable portion of Canada from east to west bordering 
the Unitec States, its range extends through Central America and the 
West Indies to South America, at least as far as Venezuela. 


HABITS AND LIFE HISTORY. 


Even without the warning scent organs with which the larva is 
supplied, its colors are so peculiar that birds soon recognize it and 
learn to leave it undisturbed, owing to its disagreeable taste. It 
is not, however, free from insect enemies. It would seem that the 


Fic. 6.—The celery caterpillar: Female butterfly. About natural size. (Original.) 


larva is perfectly well aware of its immunity from attack by birds, 
since it feeds in plain view in the later stages and even crawls to the 
outer surface of plants, appearing to invite the freest exposure. It 
is remarkable, also, that the colors of the pupa as well as its attachment 
to inconspicuous objects render it comparatively free from natural 
enemies. Fitch (in manuscript) noticed ‘‘a female at midday hover- 
ing around some caraway, ovipositing. She gently settles on the 
end of a leaf, holding thereto with her feet for a few moments, whilst 
she curves her abdomen forward and places an egg on the upper 
surface of one of the small leaflets, and then gently flies away to 
another leaf.’’ 

Owing to the extremely wide range of this species there is much 
variation in its life history. Gundlach and Chapman observed this 
insect in Cuba and Florida, respectively, and their observations, 
with those of others farther north, show that the eggs hatch in from 
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four to nine days, that the larval period may be passed in the extreme 
South in from nine to ten days, although this is oftener four weeks 
in the North, and that the chrysalis period varies between nine and 
eighteen days. The writer observed the pupal period at Washington, 
D. C., from July 8 to July 18, a total of nine and one-half days in 
hot weather. This gives us a possible minimum life cycle of from 
twenty-two days, in the insect’s southern range, to eight weeks 
northward. In the North the insect is double-brooded, and winters 
in the chrysalis stage. In the extreme South there are probably 
three or four generations produced each year. Thus butterflies 
appear in the South in March and April and begin the deposition of 
their eggs, while in the New England States and in similarlatitudes 
the butterfly does not appear on the wing until May, and seldom before 
the middle of that month. 

Besides celery, this insect attacks practically all other umbellif- 
‘erous plants, including carrot, parsley, caraway, fennel,- parsnip, 
dill, and related wild plants. It does not appear to attack, except 
in extreme cases, any plant outside of this botanical family. 


NATURAL ENEMIES. 


The principal insect enemies are species of ichneumon flies of rather 
large size, single specimens of which serve to destroy the insect 
in its pupal stage. The best known of these are two species of 
Trogus—ezesorius Brullé and exidianator Brullé. Some other natural 
enemies, however, have been recorded. The list includes Apanteles 
lunatus Pack. and a dragon fly, Anax longipes Hagen. 


REMEDIES. 


The conspicuous appearance of the larve of this species renders 
them what might be called an ‘‘easy mark,’’ as they are readily found 
and can be crushed under foot, and no other remedies are necessary 
if the work of destruction is begun before the plants are injured. 
The killing off of the first generation will serve in considerable measure 
to destroy the insects so as to prevent a very large second brood or 
generation, particularly if this can be accomplished over a consider- 
able territory. The butterfly is a strong flier, and cooperation is 
necessary to keep the insect in check when it becomes destructive. 
The caterpillar can also be destroyed with an arsenical, either Paris 
green or arsenate of lead, but recourse to these is, as a rule, scarcely 
necessary, owing to the ease with which the ‘‘worms” can be hand- 


picked. 
BIBLIOGRAPHY. 


The swallowtail butterfly is considered in most text-books on 
general entomology and in many popular periodicals on the same 
topic. A list of technical references is given in Scudder’s Butterflies 
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of New England—mentioned as No. 6 below—and a list of publica- 
tions in which the immature stages are considered is furnished in 
Henry Edwards’s Catalogue of the Described Transformations of the 
North American Lepidoptera (No. 5). <A brief list is, therefore, all 
that is necessary for the present purpose. 


(1) Fasricrus, J. C.—Systema Entomologica, pp. 444-445, 1775. 
Original description of the species as Papilio polyzxenes. 
(2) Smrra & AsBor.—Lepidopterous insects of Georgia, vol. I, p. 1, pl. 1, 1792. 
Short account, with colored plate, illustrating all stages except egg. Mentioned as Papilio 
troilus.@ 
(3) Cramer, Prerer.—Papillons exotiques, Vol. IV, pp. 194-196, pl. 385, figs. C-B, 
1782. 
Redescribed as Papilio asterius. 
(4) Harris, T. W.—Insects injurious to vegetation, 1841, pp. 211-218, Flint ed., 
1862, pp. 263-266, pl. 4, fig. 4. 
An excellent account of this species with illustrations. Mentioned as Papilio asterivs Cram. 
(5) Epwarps, Hy.—Bul. 35, U.S. National Museum, p. 10, 1889. 
List of references to the described transformations of this species to date. 
(6) Scupper, S. H.—Butterflies of the Eastern United States and Canada, Vol. IT, 
pp. 1353-1364, 1889. 
A monographic account, including references to technical descriptions of all stages, geographical 
distribution, habits, life history, etc. 


aPapilio troilus L. is an entirely different species. 


Wes. D. A. 5. Bb. Bul. 82; Part ITl. Issued December 28, 1909. 
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THE LIMA-BEAN POD-BORER. 
(Etiella zinckenella Treit. ) 


By F. H. Carrrenpen, Sc. D., 
In Charge of Truck Crop and Stored Product Insect Investigations. 


INJURIOUS OCCURRENCE. 


In looking over some old material and notes in the Bureau of 
Entomology and National Museum, some larve closely resembling 
the Lima-bean vine-borer ( Monoptilota nubilella Hulst) were discoy- 
ered, accompanied by a note by Mr. Albert Koebele to the effect 
that they were found on Lima beans at Rattlesnake Bridge, Eldorado 
County, Cal., July 21, 1885. The beans in that vicinity were much 
infested by larvee of this species. The seed beans had been received 
from Ohio the previous spring, but this evidently had no bearing on 
the origin of the insect, although the larve injured the growing 
seeds. 

More recently, in 1908, the same species was discovered by Mr. 
H. O. Marsh at Santa Ana and Garden Grove, Cal., in September 
and October, infesting Lima-bean pods. At this time it was abun- 
dant in Santa Ana, in one garden nearly every pod containing a 
larva; at Garden Grove the species had ruined fully 40 per cent of 
a good-sized patch of late beans. Another lot was received from 
Anaheim, Cal., October 22. The larvae were common at this time 
also but not as injurious as in the other localities. The adults 
began issuing January 9, 1909, and continued coming out until Feb- 
ruary 25. 

Later the same collector found this species at work at Compton 


; and Watts, Cal., in November. During the latter half of November 


the larvee were scarce, practically all having disappeared with the 
exception of a few belated individuals here and there. 


DESCRIPTION AND DISTRIBUTION. 


The moth has a wing expanse of a little less than an inch; the 
head is armed with three long, conspicuous labial palpi, showing its 
relation to the snout-moths. The ground color is gray, interspersed 
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with ochreous scales on the fore wings. A conspicuous, broad white 
stripe extends over the base of the fore wing along the costa to the 
apex. In the inner fourth of the fore wing there is also a cross-band 
of brighter ochreous freely dotted with brown spots. The moth is 
illustrated by figure 7, a, representing the female. The sexes may 
be readily distinguished by the antenne. 

The original description of this species is by Treitschke,* who, in 
1832, named it Phycis zinckenella n. sp., from Sicily. 

It has also been described under at least thirteen other names, 
including schisticolor Zell., and rubribasella Hulst. Full references to 
technical descriptions are given by Hulst in his article entitled ‘*The 
Phycitidz of North America’’® and in the Dyar list (No. 4807). 

Doctor Dyar has sugges- 
ted that schisticolor Zell. is 
synonymous with zincken- 
ella Treit. and in further 
elaboration states, in a let- 
ter dated May 28, 1909: 

I have compared the Etiella 
species and find only one and that 
the same as the European zinck- 
enella. Hulst’s rubribasella is evi- 
dently a synonym, founded on 
an imperfect or badly mounted 
specimen: schisticolor Zell. is paler 
gray, less reddish tinted, the costal 
stripe less sharply defined, but I 
Fig..7.—Lima-bean pod-borer (Etiella zinckenella): a, Fe» think itaracial form only. Many 

male anh antenna of male math: as doralof our moths that extend into the 


natural size except b, which is more enlarged. (Original.) arid country are of a paler gray 
there, to match the desert tints; 


but I do not think the character is specific. The costal stripe in some of the 
specimens is as sharply marked as in eastern ones, and the eastern ones also vary 
in depth of color. 


Like the pea moth, this species appears to be an inhabitant of 
the Eastern Hemisphere and has been introduced, perhaps, from 
both Europe and Asia. North Carolina is the northernmost locality 
recorded by Hulst, but it may be present farther north in the Atlan- 
tic region. 

Of its habits Milliére° says that it lives in the larval stage on 
Colutea arborescens. 

Of the distribution Hulst gives Florida, North Carolina, South 
Carolina, Texas, Colorado, California, West Indies, South America, 


a¥. TreirscHKe. Schmetterlinge von Europa, Vol. [X, p. 201, Leipzig, 1832. 
b Trans. Am. Ent. Soc., Vol. XVII, p. 170, 1890. 
¢ Ann. Soc. Linn. Lyon, Vol. VIII, p. 231, 1861? Not seen. 
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Europe, West Africa, Madagascar, and Central Asia. Evidently 
the species is cosmopolitan but may not occur far northward. 

Comparison of the moth of this insect with that of the corn stalk- 
borer (Elasmopalpus) shows considerable superficial resemblance, 
while the larva is decidedly more like that of the Lima-bean vine- 
borer (Monoptilota). In the Dyar list the genus Etiella follows 
three genera after Elasmopalpus. These three species belong to 
the same family, the Phycitide. 

The larva.—The larva, when mature, presents the appearance 
illustrated in figure 7, c, d. It is of robust form, strongly convex 
above, and somewhat strongly flattened on the lower surface; widest 
at the first two abdominal segments, from which it tapers very feebly 
both anteriorly and posteriorly until the anal extremity, which is 
much narrowed. The general color is rosy, sometimes with a purplish 
tinge, much darker on the dorsal than on the ventral surface, which 
is somewhat faintly tinted. Segmentation is strong and the abdom- 
inal folds are pronounced. The head is more than half as wide as 
the first thoracic segment, honey-yellow in color, darker about the 
trophi and along the margins; the hemispheres are well divided above; 
the inverted V-mark is distinct, the outer lines broken above the 
middle. The first thoracic segment is paler than the other two, tinged 
with honey-yellow, and spotted with brown, about as illustrated in 
figure 7, which also shows the pattern of ornamentation of the dorsal 
surface generally. The anterior legs are well developed as are also 
the four pairs of abdominal and the anal prolegs. The arrangement 
and location of the piliferous tubercles and hairs which they bear are 
also sufficiently well shown to render further description superfludus, 
especially as only a single properly preserved specimen is available 
for the purpose. The length is about 16 mm. 

Younger larvee seen were pale, either whitish or light green. 
The eggs have not been seen and no pupe are at hand for descrip- 
tion. 
ADDITIONAL REMARKS. 


Opportunity has thus far not offered for study of the habits of the 
species. Of the larve received, it was noticed that they feed en- 
tirely within the pod and in some cases were found in a slight web 
mingled with excrement. They attack the bean along the edge and 
usually devour the germ, consuming the entire bean if young and 
tender. They are quite capable of entering other pods by cutting a 
small hole in the side. 

Larve were seen crawling around in a package when received, Sep- 
tember 23, evidently seeking a place for pupation. When placed in 
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a rearing jar with sand they burrowed down to the depth of an inch 
or a little more and surrounded themselves with a slight web. 

It is noticeable that this species was found only upon Lima beans 
in its occurrence in California. 

An ichneumon-fly parasite (Chttn. No.1412°) issued October 19 
to October 30, 1908. 

As a very complete systematic bibliography is published by Doctor 
Dyar,” and, moreover, as the titles cited have little bearing on the 
matter in point, bibliographical references will be omitted in the 
present paper. Admitting that zinckenella and schisticolor are syno- 
nyms,the Dyar catalogue furnishes no less than fourteen synonyms, 
the species having been given that number of specific names by differ- 
ent writers, the list including six by Walker. 

No opportunity has presented itself for experiments in the reme- 
dial control of the insect, and unless it should be held in check by 
natural enemies it is probably destined to be a pest during some 
seasons, in loealities where it has become well established, on Lima 
beans. 


a Bul. 52, United States National Museum, p. 428, 1902. 
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(Disonycha mellicollis Say.) 


By F. H. Carrrenpen, Sc. D., 
In Charge of Truck Crop and Stored Product Insect Investigations. 


[With report by H. O. Marsu, Agent and Expert.| 
INJURIOUS OCCURRENCE. 


Beginning with January, 1909, the yellow-necked flea-beetle (J)1s- 
onycha mellicollis Say), which appears to be particularly injurious the 
present year, began to attract attention in the South, being reported, 
by agents and others, on truck crops in Texas and Florida. January 
-26, Mr. D. K. McMillan stated that this species was common at Browns- 
ville, Tex., on spinach. He found only adults, although several pairs 
were in copula. He had also found adults resting under portulaca 
and amaranthus and on lettuce. At that time it had not proved 
very injurious, but was so much more abundant than in the previous 
year that it was surmised that the insect might become a pest. The 
following day we received the same species on beets, collected by Mr. 
H. M. Russell, at Boynton, Dade County, Fla. In this case both 
adults and eggs were obtained. The latter were deposited in masses 
of six, ten, and eleven on the underside of the leaves. January 29 
Mr. Roger S. Baldwin, Boynton, Fla., wrote that beets were being 
attacked by the spinach flea-beetle. The specimens sent in each 
case proved to be Disonycha mellicollis Say and not Disonycha 
ranthomelena Dalm. 

Writing about the yellow-necked flea-beetle, February 12, Mr. 
Baldwin stated that the adults were taken from table beets grown 
at Boynton, Fla., on black, wet, mucky soil. He expressed the opin- 
ion that these might represent a second generation, as all that were 
seen on the earlier beets were handpicked or treated with arsenate of 
lead in the form of a spray. The earlier beets were then entirely 
freed from the insects’ attack. Later, on March 6, Mr. McMillan 
found adults in considerable numbers on spinach and beets, the leaves 
of which showed holes made by the insects in feeding. No larve 
were observed at that time, but the adults were mating and a few 
eggs were found. 

In looking over earlier records the writer finds that in the summer 
of 1897 he first noticed this flea-beetle in numbers taking short jumps 
about the common purslane, Portulaca oleracea, at Glen Echo, Md. 
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Individuals that were kept in a vial with the leaves of this plant fed 
freely for two weeks, whereupon one deposited eggs. A mass of 23 
egos was obtained, laid irregularly, some in rows of three or four with 
similar rows overlapping. When first noticed, the eggs were about to 
hatch and were blood-red—an unusual color for the eggs of Chryso- 
melide. They differ from those of the closely related D. xanthome- 
lena, or spinach flea-beetle, chiefly by their sanguineous color, but 
agree, as far as could be easily seen, in all other important particulars. 

The larvee, as well as the adults, feed on portulaca. Apparently 
the larva does not differ to any noticeable extent from that of xantho- 
melena save in color and in possessing less prominent tubercles. The 
general color is rather dull yellowish-red with no apparent striation. 
The size is also a little smaller. 

September 20, 1906, Mr. F. W. Reeding sent beetles of this species 
from Wichita Falls, Tex., with the report that they occurred in beet 
fields. 

No further observations were made on this species until November 
5, 1907, when the writer observed it on chickweed (Alsine [Stellaria] 
media), one of the favorite food plants of zanthomelena. Several 
other beetles were observed in the same location and these fed upon 
chickweed when provided with it. In April, 1909, this species was 
taken under boards placed over chickweed and when confined fed 
more freely than did the lot found in November, presumably because 
the latter had begun hibernation. The following year, May 30, Mr. 
MeMillan observed the beetles feeding on portulaca at Brownsville, 
Tex., showing, in the writer’s opinion, and as he had previously sur- 
mised, that this is a favorite natural food plant. 


DESCRIPTION AND DISTRIBUTION. 


This species was given the specific name which it now bears by 
Say, in 1835.¢ Later it was redescribed by Le Conte as semicarbon- 
ata.’ Of the eighteen species of this genus, mellicollis differs from all 
others, except collata Fab.,in having entirely yellow femora or thighs. 
It is smaller than either zanthomelena or collata. 'The color varies. 
In fresh specimens the legs and thorax are reddish, but in older speci- 
mens they are much paler and the thorax varies from metallic green 
to dark blue. The species was redescribed by Horn in 1889.° 

This species is as widely distributed as the average Halticine, but 
it was not until rather recent years generally recognized by collectors 
as distinct from zanthomelena. It is recorded by Dr. G. H. Horn 


a Altica mellicollis, Bost. Journ. Nat. Hist., p. 199; Complete Writings (LeConte Ed.), 
Vol. II, p. 668, 1859, 

b Haltica semicarbonata, Col. Kans. & E. New Mex., p. 25, 1859. 

¢ Trans. Am. Ent. Soc., Vol. XVI, pp. 211-212, 1889. 
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from Louisiana, Texas, and Colorado. The writer has collected speci- 
mens from New York City and vicinity, the District of Columbia, 
Rosslyn, Va., and Glen Echo, Md., and has seen a series from North 
Carolina. In the streets of New York he observed beetles under 
stones as early in the season as March 13. 

It has been recorded from as far inland as Cincinnati, Ohio, but it 
is apparently a maritime form, as it is not often found inland. It 
should be remarked that it is, like other flea-beetles, decidedly spas- 
modic as regards numbers. 


ECONOMIC STATUS. 


The economic status of this species is scarcely established. It is 
not at all unlikely that it may prove in time to be quite as injurious 
to beets and spinach, locally or seasonally in the Gulf States, as is its 
injurious congener, the spinach flea-beetle, throughout the North 
and in the Atlantic region. The latter, there can be no doubt, does 
much more injury annually than is attributed to it, for reasons 
which the writer has already expressed. When it attacks very 
small plants, especially in the larval stage, it may destroy them 
completely and then attack the roots. 

The following report on this species gives some details not covered 
by the preceding pages: 


REPORT BY H. 0. MARSH. 


The beetles of Disonycha mellicollis were observed during the winter and spring of 
1909 to be quite common and injurious at Brownsville, Tex., and vicinity, feeding 
on beets, spinach, Amaranthus retroflecus, A. spinosus, A. berlandieri, Chenopodium 
sp., Portulaca retusa, and P. oleracea. Injuries, from an economic standpoint, were 
confined to beets and spinach. 

January 26, the beetles were common on spinach and a few specimens were feeding 
on lettuce. The lettuce was in a row adjoining the infested spinach and it is more 
than probable that the beetles do not feed on this plant except in rare cases. 

Following a ‘“‘norther” in January a number of beetles were found under dry cow 
“chips” where they had gone for protection. Several females had deposited their 
eggs under these; doubtless because they were unable to retain them until reaching a 
more suitable place. In most cases these eggs were a considerable distance from any 
food and the larve, on hatching, must certainly have starved. During this month 
eggs were found in the soil at the base of amaranth plants, placed in clusters quite 
close to the surface. 

March 6, the beetles occurred in considerable numbers on spinach and beets, the 
leaves of which they had badly riddled; a few were present also on lettuce. Many 
were mating and eggs were found. No larve were observed. Females confined 
March 6 deposited a large number of eggs on March 7, which hatched on the 17th. 

During April the beetles were fairly common and were scattered on several food 
plants. Purslane seemed to be the favorite wild plant. April 2; nearly mature 
larvee were observed in some numbers on the underside of spinach leaves. 

May 10 the adults occurred in moderate numbers and were feeding in company 
with Disonycha abbreviata Melsh. on the tender foliage of Amaranthus retroflecus and 
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A. spinosus. A cluster of eggs was found in the loose soil at the base of a plant of 
Amaranthus spinosus. From a female confined at this date the following record was 
obtained: : 

May 12, eggs deposited to the number of 49. 

May 16, eggs hatched. 

May 25, larvee burrowed into soil. 

May 27, first larvae pupated. 

June 1, first adults developed. 

June 2, adults left cells. 

The periods were as follows: Egg stage, 4 days; larval stages, 11 days; pupal stage, 
5 days, or a total of 20 days from the time the eggs were deposited until the adults 
developed. 

The female which was confined May 10 deposited another cluster of 40 eggs on 
May 14 and died May 20. 


METHODS OF CONTROL. 


The remedies to be observed for this species naturally are practi- 
cally the same as for the related spinach flea-beetle. These consist 
in applications of the arsenicals, either arsenate of lead or Paris 
green, in accordance with the instructions given in Circular No. 87 on 
the Colorado potato beetle. In addition to spraying it is advisable 
to keep down the natural food plants of the species, especially purs- 
lane and chickweed, and to spray these also, as well as the beets and 
spinach, when the latter are affected. 


Pas). 7A: H Bul, 82; Part IV; Issued May 20, 1910. 
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THE LIFE HISTORY AND CONTROL OF THE HOP FLEA- 
BEETLE.*¢ 


(Psylliodes punctulata Melsh. ) 


By WILLIAM B. PARKER, 
Collaborator. 


INTRODUCTION. 


The most injurious insect attacking the hop vines in British 
Columbia is the hop flea-beetle (Psylliodes punctulata Melsh.), which 
is widely distributed over the northern part of the United States and 
extends into the southern part of Canada. Although this beetle feeds 
freely upon rhubarb, sugar beets, and certain truck plants, it was not 
known as a notably serious pest until a few years ago, when it began 
its depredations in the hopyards of the Chilliwack and the Agassiz 
valleys in British Columbia. 


ECONOMIC IMPORTANCE. 


According to Mr. H. Hulbert, Sardis, British Columbia, the hop 

flea-beetle was present in the Chilliwack Valley when. he began to 
if , g 

grow hops there in 1894. However, it made no perceptible increase 


@This investigation against the hop flea-beetle was made possible through the 
good offices of the E. Clemens Horst Hop Company, and particularly their 
general manager, Mr. Theo. Eder. This company is the largest grower in the 
section concerned, and fully appreciated the necessity of inaugurating studies 
looking to the control of the insect. At the request of this company Prof. H. J. 
Quayle, of the California experiment station, spent some time in the infested 
section in the summer of 1908, during which time the earlier stages of the insect 
were first made known. The writer began work under his direction the 1st of 
January, 1909, and continued the work on the problem until the following fall, 
when Mr. Quayle again took the field, closing up the studies at the time of the 
harvesting of the hops. 


Note.—This publication is, in large part, supplementary to an article entitled 
“The Hop Flea-Beetle,” issued in May, 1909, as Bulletin No. 66, Part VI. It is 
necessarily of a more practical nature, and it is hoped that it will be of great 
value to the hop growers of the West, and that it will also have some value to 
the growers of sugar beets and various vegetables, including especially root 
erops grown in the same region.—l", H, Chittenden. 
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and did very little damage to the hop vines until 1908. During that 
spring the beetles appeared in large numbers and held the vines back 
for some time, but by the persistent use of tarred boards they 
were kept in check and the crop saved. During the seasons of 1904— 
1908 the beetles gradually increased in numbers, reaching their maxi- 
mum destructiveness in 1908. 

As soon as the hops began pushing through the ground the beetles 
were observed swarming around the vines, giving the soil in the 
immediate vicinity a black, metallic appearance. These swarms of 
flea-beetles devoured the hop shoots as fast as they appeared, and in 
places where the vines were a foot or more on the string the attack 
was so severe that in a few days the field looked as if it had been 
burned over. This infestation resulted in a loss of about 75 per cent 
of the crop in the Chilliwack and 
Agassiz valleys. . 


LIFE HISTORY. 
THE EGGS. 


Descriptive.—The eggs of Psylliodes 
punctulata (fig. 8) are one-third of 
a millimeter long, about one-half as 
wide, ellipto-cylindrical in shape, and 
quite yellow in color. They are very 
hard to distinguish, unless in clusters, 
without the aid of a hand lens, and 
when mixed with soil it is almost im- 
Fic. 8.—The hop flea-beetle (Psyl- possible to find them. 

liodes punctulata) : Eggs. Greatly Where laid—Beetles which were 

enlarged. (Original.) A ; : 

confined in lamp-chimney breeding 
devices were observed to oviposit upon hop leaves and pieces of 
paper and upon the sides and bottoms of the chimneys. One morn- 
ing, upon moving a cage which had a cheese-cloth base, the writer 
discovered several hundred eggs which had been deposited between 
the cloth and the table. As this appeared to be an excellent way to 
obtain eggs in large numbers, several cages were accordingly fitted 
up, and to make conditions as natural as possible, were placed over 
moist soil. Hundreds of eggs were obtained in this manner and 
were in a very convenient situation for handling. In order to obtain 
eggs under more natural conditions, large numbers of beetles were 
confined in tin cylinders which had been sunk in the soil inclosing 
the roots of a vine. Two weeks later when the soil in these cylinders 
was examined, eggs were found 14 to 2 inches below the surface. A 


¢ 


few single eggs laid in the field were observed near the base of a 
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vine and about 13 inches down in the soil. Although conditions 
such as the looseness and water content of the soil may cause a 
variation in the depth, and the lack of cultivation, in the distance 
that they are placed from the vine, the above is probably the average 
position for the eggs deposited in the field. 

Arrangement.—Eges obtained under laboratory conditions were 
deposited both singly and in clusters of from 2 to 8, but with no 
regular arrangement. All the eggs which were observed in the field 
were found one in a place, but some of them are probably laid in 
clusters under natural conditions. 

Conditions favorable for incubation.—The eggs which were found 
in the field were in moist soil, and those which were kept under like 
conditions in the laboratory hatched in due time. On the other hand, 
eggs which were allowed to dry soon died and shriveled up. A 
moist, warm, soil appears to be the most favorable condition for 
incubation. 

Time of incubation—Several hundred eggs which were obtained 
on the cheese cloth were placed in black satin bags and buried in 
moist soil, both in the laboratory and in the hopyard. These eggs 
required from 19 to 22 days to incubate; those in the field hatched 
a little sooner than the ones in the laboratory. This difference in 
time may be explained by the fact that the soil in the yard was 
heated by direct sun rays, while that in the laboratory was not. 

Hatching process—The eggs of this beetle change but little in 
general appearance during the first thirteen days of incubation. 
After this period a transparent place appears near one end, and a 
few days before hatching this spot turns dark. In emerging, the 
larva evidently breaks its way out through the side of the egg, for a 
longitudinal sht was observed in all empty eggshells. 


THE LARVA. 


Description.—When it first emerges from the egg -the larva is a 
delicate, slender, white, grublike creature, about one-half millimeter 
in length. After a few hours it turns gray, the head darkens, and a 
dark patch appears on the last segment of the abdomen. The larvz 
(fig. 9, a) grows slowly, passing through several molts, and when full 
grown is about 5 millimeters in length and three-fourths of a milli- 
meter in diameter. When it first emerges from the egg it is very 
active and crawls through the soil at a rapid rate, but as it grows 
this activity gradually decreases, and when the last stage is reached 
it is little able to crawl about. 

Length of larval stage.—To determine the length of the larval stage, 
many beetles were confined around hop vines, in an uninfested area, 
for three days and were then removed. When observed at a later 
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date larve were found in the soil, and when these were apparently 
ready to pupate some of them were placed in vials of soil and ob- 
served daily. A few of these larvee pupated and from these data the 
length of larval life was found to be about 35 days. This time checks 
up very well with the other observations made in the field. 

Pupation.—This insect does not form a distinct pupal cell, as is 
the case with some other coleopterous larve, but when full grown 
ceases to feed, contracts greatly in length, and enters a long somnus, 
the prepupal stage. The larva remains in this stage from 11 to 14 
days, and then transforms to a true pupa (fig. 9, 6, c) with free 
appendages. 


Fic. 9.—The hop flea-beetle : a, Larva; b, pupa, ventral view ; c, pupa, dorsal view. Much 
enlarged. (Original.) 


THE PUPA. 


Description.—When the pupa is formed it is pearly white in color~ 
and is much like the adult beetle in form. The sheaths for the adult 
appendages are free from the body, and the legs, wing-pads, and an- 
tenne, although folded up, may be easily distinguished. The pupa 
of this flea-beetle is not very delicate, as was shown by the fact that 
a number of them were removed from the soil for daily examination 
during a period of eight days, without injury. 

Duration of stage and transformation to adult.—The true pupal 
stage lasts on an average 164 days. The first evidence of transforma- 
tion is the appearance of color in the eyes; then gradually the mandi- 
bles, tibial joints, and antenne become dark in color, the legs turn 
light brown, and the elytra move to the back. When this condition 
is reached the beetle is able to crawl about. It does not get out of 
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the soil, however, until the head, thorax, and elytra have colored, 
The beetle is then of a dull 


which requires from 12 to 14 hours. 


blue-black color, but 
after it has been in 
the sunlight for a few 
days it becomes quite 
bronzy in appearance. 


THE ADULT. 


The adult is a dark, 
smooth, bronzy-black 
beetle of the family 
Chrysomelide, one- 
twelfth to one-tenth 
of an inch (1.5 to 2.5 
mm.) long and about 
half as wide. The 
male and female are 
alike in general ap- 
pearance except as to 


10.—The hop flea-beetle: Adult beetles, showing 
relative sizes of female and male. The male has the 
wing covers slightly spread. Much enlarged. (Original.) 


size, the male being distinctly smaller than the female (see fig. 10). 
The hind thighs, by means of which the beetle jumps, are strongly 


Fig. 11.—The hop flea-beetle : Ovipositor of female. 


magnified. 


developed, hence the 
name “ flea-beetle.” 
The specific name 
punctulata refers to 
the punctulate or 
pitted condition of 
the head, ‘thorax, 
and elytra. This 
beetle should not be 
confused with Z'pi- 
trix subcrinita Lee., 
sometimes collected 
with the hop flea- 
beetle on potatoes, 
which, although 
much like Ps. punc- 
tulata im general 
appearance and in 
the possession of the 


punctulate condition of the thorax and elytra, is smaller and is 


covered with hairs. 
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Time of reaching maturity.—After the adult has emerged from 
the pupal state between 12 and 24 hours are required for coloring 
and, perhaps, as much longer for it to work its way out of the soil. 
Beetles which appeared to be not over 4 days old were found in 
copula and, judging from these very unsatisfactory data, about 6 
days would be required for the beetles to become fully mature. 

Copulation.—Copulation was observed at all times of the day and 
even at night. Morning seems to be preferred, for more pairs were 
observed between 8 and 12 o’clock than in the afternoon. Although 
some remained together but a short time, others required three- 
fourths of an hour, and one pair which was closely watched took 50 
minutes for the operation. As long as there were beetles in the 
field pairs were to be found, and Mr. Hulbert states that he has 
observed them in copula up to the time that they went into hiberna- 
tion in the fall. 

Oviposition.—When ready to oviposit, the female works her way 
down into the soil until she reaches the moist layer, where she lays 
her quota of eggs. Although this operation of egg-laying was not 
observed, the fact that the eggs were deposited through cheese cloth 
and even light cotton cloth leads the writer to beheve that the long 
ovipositor (fig. 11) is worked into the firm soil before oviposition. 
The eggs would thus be concealed to some extent from predaceous 
enemies. 

Number of eggs and rate of egg-laying—Beetles captured in 
copula and confined in vials laid from 4 to 18 eggs. Three pairs 
copulated again after ovipositing, but only one female laid eggs 
after this second copulation. Table I illustrates the number and rate 
of egg-laying as indicated by beetles kept under laboratory condi- 
tions: 


TABLE I.—Numober of eggs and rate of egg-laying of the hop flea-beetle. 


Number Number 
Adult , : pee Dates first eggs = Dates second 
Noe Dates of copulation. caarte: lease Bret cease eggs were laid. pr Death. 

1909. 1909. 1909. 1909. 

1 | April 22 and May 2..... May deceecse ass St MSVaS rete crease | 5 (2) 

Dai Mayr tee sue eee Misiyal Ob eee er (ale Eee ere se Sea secsis 2 May 20. 
3) JUNC! . shoe seeserisoss: Que Se seeacesee 2h Pde OR ease ee | 10 | June 19. 
4:\\ June'4 and: 9ysses-seee=- JUNIO =e eaesee TEs |b Saseecndeccesenaeteeececens June 14. 
al ee ane OO. oe csaeen cee oe eee Oe eee Ws pacndoe side cose cu leave ccecte June 16. 
Gil dune 4. sh 8 tes eee sewceioeene GCORez ees ff OU CO" Se ersyarree, 7 | June 19. 
ENB GO bc sch soe ne eee eee Gopseasteeee 114i ee aeeoere eee | mem ese June 15. 
Saikiss ae GO\... 22 ...535heneeee June Oeeseeees 9) ||\s ciswrctorercincs are slates ataateaaterer June 16. 
(3) il eee GOs 355. 2u5 ee oeeere eee AGS asses 18) sodas amaccrre tones | Cas eee June 15. 
Oy | eeret-fe G0 3.26) eae Une eee TO a ee aa Saree | June 16. 
1G eee (6 (ope eee eee aes Ets (0 Vo ees See Ai ee Ware eer ctetelajevcpernelleiniciae eteiaiale June 19, 

a Lost 


Length of life of the beetle——The length of life of the hop flea- 
beetle is quite variable. Several lots of newly emerged insects which 
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were brought into the laboratory died within a week. Another lot, 
brought in May 11 and placed in a lamp chimney, lived well into 
July, the last individual surviving until August 22. This was an 
exceptional case, the average length of life being between three and 
six weeks. 
HABITS. 
THE LARVA. 


Where found.—Most of the larvee were observed to be within 18 
inches of the base of the vine, the number increasing as the vine was 
approached.. A _ few, 
however, were taken 
between the rows, 
among the roots of 
chickweed and lambs- 
quarters, and even in 
well cultivated parts 
where no weeds were 
growing. The surface 
soil of the hopyards is 
filled with delicate 
rootlets (fig. 12) and 
the larvee find sufficient 
food almost anywhere. 

Depth in soil—In 
order to determine the 
average depth at which 
the younger stages may 
be found, the earth 


was taken up around 


the base of a vine in Fig. 12.—Filamentous roots of hop yine on which the 
hop flea-beetle larve feed. (Original.) 


3-inch layers, and the 
larve in each layer counted. The results are as follows: 


No. of larvee 


Depth ot soil. found. 
ESPN Hi Gs eerste s «eee eee eee 8 er ed AE ee eee 6 
oe OMEN CH CMe ae ee ree ee ee 2x 2b se te ee ee 21 
GS OMaIT Te nS see eee ee ee es 2 ee eee a 
SES aml NCH CS wae aerate ee ce Pg ere ee eee eee eee 1 


Although some few may be found above and some below, from 2 
to 7 inches is the depth at which one may expect to find the majority 
of the larve. 

Conditions favorable.——The soil in which the larve were found 
varied from a light sandy loam to a very heavy, almost adobe condi- 
tion. 

66513°—Bull. 82—12——-4 
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The moisture conditions which are favorable were determined in 
the laboratory. The larvee lived in soil that was quite wet, but when 
it was saturated they were drowned. On the other hand, a slightly 
moist soil seemed most favorable, and when it dried out they soon 
died. Any soil with a moderate moisture content appears to be favor- 
able for the growth of the larvae, the texture having no influence 
whatever upon them. 

Food—The majority of larve are located close around the hop 
vine where the soil is filled with tender filamentous roots (fig. 12). 
A few, however, were found around the roots of lambs-quarters, 
chickweed, and mangel. All of these tender rootlets, and perhaps 
many others, are fed upon by the larve. 


THE ADULT. 


Food plants —The hop flea-beetle has been observed feeding upon a 
large number of plants. Some of these are distinctly preferred; 
others are accepted after the beetles have fed upon the hop or mangel ; 
and still others are attacked in the field, but not after the insects 
have eaten of their preferred food plants. 

A series of experiments was conducted to determine which plants 
were preferred and their order of preference. Beetles were confined 
on several species of plants, and each day when fresh food was sup- 
plied the species which was eaten the most was left out. Thus by 
elimination the order of preference was obtained. This: order for 
beetles captured on the hop was found to be quite different from that 
for beetles captured on the mangels, as is shown by the following 
list : 

TaBLE IIl.—Food plants of the hop flea-beetle. 


In order of preference of beetles taken from In order of preference of beetles taken from 


the hop. the mangel. 

Hop (Humulus lupulus L.). Nettle (Urtica dioica L.). 
Nettle (Urtica dioica L.). Rhubarb (Rheum officinale Baill.). 
Tomato (Lycopersicum esculentum Radish (Raphanus sativus L.). 

Mill.). Mustard (Brassica nigra L.). 
Mangel (Beta vulgaris Moq.). Lambs-quarters (Chenopodium  al- 
Radish (Raphanus sativus 1L.). bum L.). 
Mustard (Brassica nigra 1.). Mangel (Beta vulgaris Moq.). 
Lambs-quarters (Chenopodium al- Hop (Humulus lupulus 1). 

bum I..). Watermelon  (Citrullus vulgaris 
Watermelon (Citrullus vulgaris Schrad. ). 


Schrad. ) 
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SECOND CLASS.% 


Rhubarb (Rheum officinale Baill.). Tomato (Lycopersicum esculentum 
Potato (Solanum tuberosum L.). Mill.). 

Pigweed (Amaranthus retroflerus L.). Potato (Solanum tuberosum L.). 
Dock (Rumex obtusifolius L.). Pigweed (Amaranthus retroflerus L.). 
Sorrel (Rwmex acetocella L.). Red clover (Trifolium pratense L.). 
Red clover (Trifolium pratense 1L.). Dock (Rumex obtusifolius L.). 


Sorrel (Rumex acetocella L.). 


- Finding that the beetles did not care for certain plants after they 
had fed upon hop or mangel, an attempt was made to starve them 
to the food which was apparently most disliked. A large number of 
beetles were accordingly confined with red and white clover and with 
sorrel. Although the blossoms of the white clover were slightly 
attacked, the beetles finally starved to death on these plants. 

Portions of plants attacked.—During the spring and early summer 
the beetles fed upon the shoots and tender buds and ate holes the size 
of a pin head in the leaves. (See Plate III.) In cases where the 
leaves were very thick the lower surface tissues were left. These, 
however, soon dried and fell out, leaving a clean hole which, as the 
leaf expanded, became larger, sometimes reaching one-fourth of an 
inch in diameter. In feeding upon the hop plants, the beetles dug 
small pits in the shoots, which when the attack was severe caused the 
death of the stem. In the fall the beetles climb the trellis poles and 
crawl along the vines until they reach the hop cones, of which they 
are very fond. 

Destructive power by feeding.—When the beetles appear in large 
numbers they will devour a plant completely. In the spring of 1908 
they kept the yards bare until the last of June or the first of July, and 
when the mangels were coming up the beetles damaged them so 
severely that one planter found it necessary to sow three times in 
order to get a stand. In the fall, after the hopyards were cleaned up, 
the beetles migrated to the nettles along the fences and completely 
devoured them. The beetles were at this time in exceptionally large 
numbers; under ordinary conditions their attack is not so severe. 

Activity and migrations.—The flea-beetles that have just emerged 
are soft and sluggish and are readily picked off of the vines with the 
fingers. Within a few days, however, they become very active and it 
is then almost impossible to catch them in the hand. During the 
spring and summer of 1909 the beetles migrated little, if at all. The 
infested regions did not enlarge or change from the time that the 
beetles appeared in the spring until they disappeared in July. The 


@Plants of the second class are eaten very slightly, unless the beetles are 
starved to them. 
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insects were not observed to leave the vines unless disturbed, and the 
probability is that unless the food gives out they do not migrate dur- 
ing this season. It has been repeatedly observed by the hop growers 
of Chilliwack and Agassiz valleys that yards which were badly in- 
fested one summer would be almost free from beetles the next, while 
the adjoining yards which were not attacked the preceding season 
would be severely damaged. One explanation of this is that the 
beetles, having eaten up all the food remaining in the yards after the 
vines have been burned, migrate to the adjoining block, hibernate 
there, and emerge in the spring. As the beetles were not observed 
moving about during the spring and summer this is the only prob- 
able time of migration. 

Activities at night.—The beetles go into the bud scales or down 
under the clods at the base of the vine on cold nights, but when mild 
weather approaches they remain on the leaves. They were observed 
to move about shghtly, but are very much less active than during the 
day. 

Flight.—When disturbed during warm weather the beetles occa- 
sionally spread their wings as they jump, and fly back to about the 
same place they started from. General flight is seldom indulged in, but 
during the last of April those which were disturbed by the Bordeaux 
spray circled around at an elevation of about 4 feet for a few minutes, 
then settled down. This was the only time when beetles were observed 
on the wing. 

Protection by concealment.—On cold spring days some of the beetles 
crawl down into the opening buds of the hop or nettle. Here they are 
protected from the weather and may feed upon the tender buds which 
are their choicest food. When the leaves have expanded beetles will 
be found on the under surface, and in very cold weather under the 
clods at the base of the vine. Although some are thus concealed dur- 
ing the active season, the majority remain on the upper surface of the 
leaves. 

Protection by locomotion—When disturbed the beetles jump from 
the vine and fall among clods or rubbish where they are not readily 
seen. They do not feign death as some other beetles do, but spread 
out their legs, right themselves, and after a short pause, begin slowly 
to move about. The distance that they jump depends somewhat upon 
the height from which they start. Horizontally they can leap about 
a foot and a half, and about 10 inches in a vertical direction. 


SEASONAL HISTORY. 
LENGTH OF LIFE CYCLES. 


Judging from observations on the appearance of beetles in the 
field, the lengths of the life cycles of the spring and summer genera- 


als meee’ 
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tions are about equal. In order to obtain the entire life cycle, the 
6 days’ interim between the emergence of the beetles as adults and 
copulation, and also the 6 days required for the eggs to mature, must 
be added to the 72 days which are passed in the egg, larval, and pupal- 
stages. In adding these, we have 84 days, or 12 weeks, as the length 
of the life cycle. 


NUMBER AND TIME OF APPEARANCE OF BROODS. 


There are two distinct broods of beetles in the Chilliwack and 
Agassiz valleys. One emerges in the early spring and the other in 
the latter part of July or the first part of August. 

The first generation appeared very suddenly and in large numbers 
between April 25 and May 10. The appearance and devastation in 
the Agassiz yard was particularly startling. On April 24 the vines 
in this yard were almost ready to train onto the string and were only 
slightly damaged by the beetles. April 28 this yard was literally 
alive with the “ fleas,” in some places there being as many as 50 or 
60 to the vine. The leaves were entirely eaten away and many of 
the terminal buds were killed. Although this did not ruin the shoot. 
it caused a very undesirable branching. Beetles continued to emerge 
at Chilliwack in large numbers until about May 10, after which only 
a few belated individuals came out. 

The first and second generations are very distinct. The first brood 
was in its maximum numbers about the 1st of June, but after this 
the insects gradually diminished and had entirely disappeared by 
July 20. The second generation began to emerge about the 25th of 
that month, but were not present in large numbers until about 
August 10. These beetles live through the fall and winter, emerge 
in the spring, and deposit the eggs which produce the first generation 
of the next season. 

MULTIPLICATION. 


According to observations made upon the number of eggs and rate 
of egg laying, the maximum number of individuals coming from a 
single pair in the first generation would be 18. If all of these sur- 
vived and produced the maximum number again, the second gen- 
eration would amount to 162 beetles. The average number of eggs 
laid may be below 18, and a large number of larvee are destroyed by 
predaceous enemies in the soil, so that the few beetles which winter 
over will not necessarily produce an overwhelming number in the 
second generation. 

HIBERNATION. 


ENTRANCE INTO HIBERNATION, 


When cool weather comes in the fall the beetles begin to hibernate. 
They do not travel far from where they chance to be, but enter the 
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first favorable place that they find. This early hibernation is usually 
temporary, and when the first warm day comes they emerge from 
their hibernating places and hop around on the ground, retreating 
again when it becomes cool. 


PLACES OF HIBERNATION. 


During the winter the beetles were observed hibernating in cracks 
in the trellis poles, under the string of the string pegs, in the hollow 
vine stubs, in the grass and weeds, and in the soil. 

Beetles in poles—The beetles were first observed to be hibernating 
in the trellis poles. By lifting the slivers they were found wedged 
between the slivers and the solid wood, some were dug from rotten, 
porous portions of the poles, and a few were observed under the bark. 
Many were found in the deep cracks, but the largest number were 
under the slivers and in the rotten wood. As shown by Table III 
the majority of beetles hibernated close to the ground. They ac- 
cepted the first shelter that they came to, and some even entered 
slivers and crawled down below the surface of the soil. 


TaBLE III.—Position of hop flea-beetles in the poles. 


MiTst fo0ts 22 S22 See Se ee eS ee et had a eee _ eli ee See: 182 
Secondutoote 22 he Ee eS oe Re eS re eee ee 152 
Third POO GER eb SoS. 20 ees ee ee ee 79 
Mourth foots. -- ss oe Oe ee 33 
1 EVE i} gigi 010) ca Ss ane me pa ree ey ee ode ey aA AP Se cP, ieee ET 4 
Sixth: f£00t.2 22 28 3s ee eS Ee ee ee ee ee 6 
Séventh foots. 2.2 eS ae Se eae 0) 
Total mumber of flea-beetles == a ae eee 456 
Number of spolesscounteda22= == eee 74 
Average number of beetles per pole_-___-_-_-______~________ 6.16 


In November, 1908, several poles were taken into the hop kilns and 
heated in order to bring out the beetles that were hibernating 
therein. Most of the poles contained small numbers of them, but in 
one badly splintered pole were found 490 beetles. These results 
led the hop growers to believe that a large majority of the hibernat- 
ing beetles were in the poles. In investigating this point the writer 
had four average poles taken into the kilns and heated. Only 19 
beetles were found in these 4 poles. These, together with other 
results obtained from extensive field counts, proved conclusively that 
the number of beetles which were hibernating in the trellis poles 
was not dangerously large. 

Beetles in the vine stubs—The hollow vine stubs which are left 
when the vines are cut and burned in the fall are very favorable 
hibernating places, and as many as 16 beetles have been found in a 
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single stub. Many stubs do not contain beetles, however, and the 
average is very much lower. A few beetles were found in the cracks 
of the pith of pigweed and in some hollow-stemmed plants, but the 
most frequented place of this sort is the hollow vine stub. Table IV 
illustrates the number and condition of the beetles in the stubs: 


TABLE IV.—Number and condition of hop flea-beetles taken from vine stubs. 


Average | Average + ~ | 
Date Number | number | number of ee ees Per cent | Per cent 

: of stubs. enna “\ofbeetles| beetles Alemalke Il acitice.. dead. alive. 

; per kiln.| per acre. wale | SENASE 

1909. | : 
February 1... =.= 219 304 10. 01 $908.90) |. oases acl\or ee ceed leccacsccticllec-eeeneae 
DO a asasc25 =e 89 216 7.32 a A Vie ee Sones er emer crore ame prs Sects 
February 4-...-....- 320 Co ee ee ee es ee 118 | 216 35. 32 | 64. 68 
February 10....... 340 265 2.31 2, 057. 90 97 243 28. 81 70.19 
February 20....... 324 | 93 . 88 783.20 37 56 39.78 69. 22 
DO Ses cee2ece 330 133 TERR 1, 094. 70 61 72 45. 86 54.14 
Marches. 22-52 457 813 7.08 6, 301. 20 292 | 521 35, 88 64. 12 
Nearehy Sto eo es sass. 161 331 8. 20 7, 298. 00 106 | 225 32. 02 | 67.89 
LES) a eee 241 327 5.40 4, 806. 00 137 | 188 42,20 57. 80 
WarehelOesans cscs 288 397 5.48 4, 877. 20 108 | 289 27. 20 72. 80 
Marchul6..-.-2.-.5 231 | 323 5.56 4, 948. 40 114 | 209 35. 29 64.71 
Dor essee—-2- =<. 155 | 292 7.42 6, 603. 80 118 | 174 40. 41 59. 59 


Beetles in string pegs—The cedar pegs which are used in stringing 
the yards are usually left in the field when the yards are cleaned up 
in the fall. The soft string which often remains on the peg affords a 
splendid place for the beetles to spend the winter, and many were 
observed taking advantage of it. 

Beetles in grass and weeds.—In the grass and weeds of uncultivated 
yards and along the borders of other yards the beetles were found 
hibernating in considerable numbers. They were situated just under 
the surface of the soil, but above the crown of the roots. They prob- 
ably seek the grass and weeds as a temporary refuge when the cold 
weather first sets in, and as the winter advances they either crawl 
down into the soil or it is washed over them by the early rains. 

Beetles in the bare soil—Many beetles were found around the poles 
and vines embedded in the bare soil. In one strip of soil 3 inches wide 
surrounding a trellis pole, 31 beetles were found; many were ob- 
served in the soil around the base of the vines and a few between the 
rows. They did not penetrate very far into the firm soil, the majority 
being found within the first half inch, but where the land was in the 
form of loose clods at the time that the beetles entered they crawled 
as far down as the openings went, and the rain, packing the soil over 
them, housed them 2 and even 3 inches below the surface. 

Method of finding beetles in the soil—sSince the beetles are very 
small and dark in color they are very similar to the particles of soil in 
which they are embedded, and to find them by digging around the 
roots of the grass is almost impossible. An attempt was made to 
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screen them out by washing the soil through cheese cloth. This was 
quite possible, but very slow, and while screening them out the writer 
observed the beetles floating on the surface of the water. This dis- 
covery suggested a very simple method of separating them. The 
soil was placed in a screen-wire box and washed in a pail of water. 
This broke up all lumps, and the beetles floating to the top were 
picked up with a pair of forceps. 


EMERGENCE FROM HIBERNATION. 


Artificial emergence.—In anticipation of the emergence of the 
hibernating beetles some experiments were conducted to determine 
the temperature at which they might be expected to appear and their 
actions when forced from their natural winter quarters. Beetles 
taken from frozen string-pegs were placed in lantern chimneys and 
beginning with 28° F. the temperature was gradually raised and the 
actions of the beetles noted. At 40° the antenne began to move 
shghtly; between 40° and 50° the beetles moved about slowly and if 
disturbed would jump a short distance. Between 55° and 60° the 
beetles were quite active and crawled around in the lantern chimney. 
Their activity increased as the temperature was raised until 105° 
was reached, at which point they gradually became inactive again. 
Table V illustrates the effect of temperature upon the beetles, begin- 
ning with that of the room and increasing to 146°. In this experi- 
ment the beetles were confined in a double tube with an air space be- 
tween and.the temperature was raised gradually. 


TABLE V.—Emergence and activity of the hop flea-beetle in artificial temperatures. 


Number} Room tees Greatest First ibe Time of 
Date. of in- |tempera- anced activity dead vat—|deadsate coe 
sects. ture. ema ee ‘ 7 ‘ ment. 
| 

1909. Se oF, oF. oh oi Minutes. 
March12. 10 56 56 | 90 82 140 15 
March1.. 10 56 56 90-100 90 146 15 
Do 8 56 56 90-100 110 126 10 
Do. 10 56 56 98-100 | 114 138 20 
Do. 10 58 58 | 90-100 | 95 13 20 
April 12 , 10 56 56 | 60-70 78 110 5 
IWS eoosscaeqosasssdashe 5 10 56 56 | 80-90 90 148 25 

IDR Bab apeceecossoesesescocc 10 57 Biaseneeeee ee JW ee Scop sod dosass=--- 


When beetles were thawed out they all became active between 40° 
and 45° F. When the higher temperatures were reached, however, 
there was a considerable difference in their susceptibilities to the 
change as may be seen by referring to Table V. Some of the beetles 
which were forced from hibernation were placed, on January 27, in a 
cage containing a young nettle plant. On February 8 several holes 
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the size of a pin head were observed in the nettle leaves and these 
beetles continued te feed until spring. The majority of the beetles 
were active whenever the cage was in the light and the temperature 
above 50°. They became inactive only when darkness approached or 
the temperature fell below 40°. The beetles were not observed to 
seek hibernating places when artificially emerged, unless conditions 
were unfavorable to activity. When put in a cool, dark place many 
of the beetles entered hollow vine stubs and pieces of corrugated 
paper which were placed in the cage for this purpose. Some, how- 
ever, were content with the cloth top and the glass sides of the cage 
for a hibernating piace. 

Natural emergence-—On March 9 four beetles were seen crawling 
around on the sunny side of a trellis pole. These were the first that 
were observed emerging in the field. When warm days became 
more frequent the beetles appeared in numbers and fed upon the 
young nettles. They were very active and were observed copulating 
during the warmer part of the day, but when evening came they 
disappeared from view and did not come out again until the frost 
was all melted the following morning. Although some beetles 
emerged during the warmer days of March, the maximum number 
did not appear until April 15. After this they gradually diminished 
in numbers and by the 10th of May had nearly all disappeared. 


DISEASES. 
FUNGOUS DISEASES. 


Many of the beetles that were found dead in the hollow vine-stubs 
were covered with a white mycelium. When these beetles were 
placed in a moist chamber Penicillium glaucum and the hop-mold 
Spherotheca castagnei developed. 

No other fungous growths were observed by the writer, but Dr. 
C. 5. McKee, of Vancouver, British Columbia, in a letter regarding 
some of his experiments with the hop flea-beetle, mentions a fungous 
disease in the following words: *“ Before they began to die they were 
distinctly less active, and even before death some of them could be 
seen to have a fungous or mouldy growth on them, particularly under 
the wings.” Doctor McKee does not state what this fungus was, and 
it is quite possible that it was a Penicillium, as was found on the 
beetles in the field. Although Penicillium is known, under some 
circumstances, to become parasitic, the probability is that the bee- 
tles died from some other cause and that the fungus entered as a 
saprophyte. 
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BACTERIAL DISEASES. 


Beetles which were brought into the laboratory between the 10th 
and 14th of June died off in large numbers. They had a very sour 
odor about them which was not noticed around beetles which died 
earlier in the spring. This great mortality, accompanied by the sour 
odor, indicates the possible existence of a bacterial disease. An 
endeavor was made to determine this point, but the beetles in the 
check cages died as rapidly as those which were exposed to infection, 
and no conclusion could be drawn. 


PARASITES AND PREDACEOUS ENEMIES. 


No parasites attacked the beetles during the spring generation, 
and none has so far been observed on beetles in British Columbia. 

Although the adults have no known predatory enemies, with the 
possible exception of some birds, the younger stages, especially the 
larvee, are subject to the attack of several creatures. The larva of 
one of the Carabide was quite plentiful in the soil, and under 
laboratory conditions was observed to feed voraciously upon the flea- 
beetle larvee. Two species of centipedes were also numerous, but only 
one was observed feeding upon the larve. This species was very 
common in the hopyards and probably destroyed a large number of 
beetle larvee. 


CONTROL MEASURES. 


The fact that the beetles hibernate in the soil as well as in the poles, 
vine-stubs, and string-pegs, that the younger stages are all passed 
beneath the surface of the soil, and that, when they emerge, the adults 
are not readily killed by arsenicals or by contact insecticides, made 
the control problem at first appear to be a difficult one. During the 
spring and summer every feasible method of control was carefully 
tested, and of the following measures the application of tanglefoot 
and, under some conditions, the use of the sticky shield have proved 
to be the key to the flea-beetle problem. 


THE TARRED BOARD OR STICKY SHIELD. 


The hibernating beetles, unless in unusually large numbers, will 
not require any attention, but the sudden appearance of the first 
generation just before the vines are trained may require the use of the 
tarred board or sticky shield. 

The tarred board which was used during the spring of 1909 was 
made by stretching a piece of 8-ounce canvas over a light wooden 
frame, 4 feet long by 3 feet wide. A 4-foot strip attached to the 
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middle of the board and braced by an upright to the rear edge forms 
a handle. The canvas was then coated with tar; hence the name 
“tarred board.” 

During the first part of the season a tarred board was placed on 
each side of a vine and the beetles jarred off with a bunch of grass. 
This was slow work, and it was found by actual count that 85 per 
cent of the beetles that were on the vines could be captured by placing 
a single board on the leeward side of a vine. The beetles are thrown 
onto it with a single sweep of a large brush (Pl. IV, fig 1). This 
method reduces the cost of going over the field one-half, and twice 
the acreage can be relieved in the same length of time. 

Although effective as a flea-beetle catcher, this tarred board is a 
heavy and awkward thing to handle. A light shield which promises 
to be as efficient as the heavy tarred board is made of light galvanized 
iron, 3 feet wide and 2 feet high, the top of the iron being tacked 
around a curved board to hold it in shape. A piece of screen wire is 
fastened on the inside to prevent the oil from running down, and to 
make it fit close around the base of the vine a curved notch is cut in 
the bottom. The shield is operated by means of a hose-covered wire 
handle which is attached between the center of the iron and the mid- 
dle of the top board. 

The handle is held in the left hand, and, steadying the shield with 
the right, the notch is placed close to the base of the vine. Then, 
holding the shield at an angle of about 45°, the beetles are brushed 
onto the screen with a large feather duster (Pl. IV, fig. 2). 

Brushes—During the first of the season many sorts of brushes were 
tried. Leafy birch twigs made a very effective brush, but did not last 
long; grass was not rigid enough, and broom straw was too stiff. 
The best green brush was made of young fir or cedar boughs. These 
form a screen as well as a brush and last all day. Cutting twigs and 
making brushes, however, becomes expensive, so that a large feather 
duster proves to be cheapest in the end. 


TARRED SLEDGES. 


When the second generation of beetles appeared in 1908, tarred 
sledges 8 feet long and wide enough to fill the spaces between rows 
were used to advantage. Eight or 10 of these sledges drawn by 
horses were run parallel with each other and the beetles jarred down 
upon them. A lighter sledge (fig. 13), drawn by a man, was devised 
in 1909, but since the tanglefoot has proved so effective this sledge is 
unnecessary. 

Crude oil or tar.—Both crude oil and tar are effective when used 
on shields or sledges. Tar has more disadvantages, for on cold days 
it is very thick and on warm days dries rapidly, and in either condi- 
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tion may not catch the “ fleas.” On the other hand, the oil is always 
sufficiently liquid and does not dry. Neither substance injures the 
vine, and, although crude oil is the most satisfactory, the tar does 
very well. 

3ANDING WITH TANGLEFOOT. 


Tt was observed during the season of 1908 and also in 1909 that the 
beetles did not fly or jump upon the vines, but crawled up the stems. 
This fact suggested the possibility of keeping them down by means of 
a sticky band, and a number of experiments were conducted along 
this line. 


Fic. 15.—Hindoo using tarred hand sledge for capture of hop flea-beetles. (Original.) 


Fearing that the tanglefoot might injure the tender vines if it 
was applied directly to them, cotton was first wound around the 
stems and the tanglefoot smeared over that. The bands were placed 
2 feet from the ground, and all near-by leaves removed to prevent the 
formation of a bridge. Two weeks later the leaves below the bands 
and all of the leaves of unbanded vines were completely riddled by 
the beetle, while the leaves which were above the bands were un- 
touched (fig. 14). 

Tt was found that the tanglefoot does not injure the epidermal 
tissues and can be applied to the most tender vines. This fact has 


Bul. 82, Part IV. Bureau of Entomology, U. S. Dept. of Agriculture. PLATE IV. 


Fic. 1.—HINDOO USING TARRED BOARD AND EVERGREEN BRUSH TO DESTROY Hop 
FLEA-BEETLES. (ORIGINAL.) 


Fic. 2.—METHOD OF USING LIGHT STICKY SHIELD AND FEATHER DUSTER IN COMBATING 
THE Hop FLEA-BEETLE. (ORIGINAL.) 
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greatly simplified the operation and has made banding much more 
practical. 

Since the beetles can not crawl over the bands the vines are per- 
fectly protected. In case the beetles are numerous when the vines 
are first trained, the tanglefoot may be applied at that time, or if 
the beetles are not troublesome during the first generation it may be 
applied after the vines are stripped so it will be ready for the second 
brood. In that case, however, the poles must be banded as well as 
the vines, for the beetles have a habit of climbing the poles and crawl- 
ing along the wires, where they do much 
damage to the hop cones. 

Effect upon the beetles—The tangle- 
foot bands not only keep the beetles off 
of the vines but a large number of them 
are caught in it. In places where the 
beetles were very thick, hundreds of 
them became entangled in it and in some 
instances so many got caught that they 
formed a bridge over which the others 
crawled. Beside being killed by coming 
in contact with the tanglefoot, many are 
starved to death by being kept away 
from the hop-leaves. This was espe- 
cially true in the yards that were kept 
well cultivated and all suckers cut away. 
If the weeds are not allowed to grow in 
the yards and the vines and poles are 
well banded, most of the beetles will 
either be caught in the bands or starved 
to death, the remainder going into win- 
ter quarters in such poor condition that 
there will be few beetles the next spring. ric. 14.—Banded hop vine, show- 

A pplication.—It is necessary to get yadiae eee en mae 
the tanglefoot well into the spaces be- 
tween the two vines, the simplest way to accomplish this being 
to apply it with the hands. A section about 6 inches long should 
be coated with the tanglefoot, care being taken that no parts are 
missed and that no leaves are left to form a bridge across it. A 
strip around each pole about 3 feet from the ground should be 
trimmed off with an ax, so that the tanglefoot may be applied easily. 
A small paddle about 2 inches wide is the best thing with which to 
apply the tanglefoot to the poles, for only a narrow band is needed 
there. The amount of tanglefoot used per acre varies according to 
the number of poles and vines. In one yard where the trellis poles 
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were rather close together, 10 pounds were used to the acre. Al- 
though the tanglefoot is apparently very disagreeable material to 
apply, it is easily washed off the hands with a little kerosene or even 
with soap and hot water. 


DESTRUCTION OF HIBERNATING BEETLES. 


In poles.—Since a large number of beetles were found hiberna- 
ting in places where they might be attacked, it was believed advisable . 
to destroy them. The slivers on the trellis poles, under which the 
beetles were hibernating, were struck with an ax, forcing them back 
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ic. 15.—Killing the hop flea-beetles in the poles. (Original. ) 


against the solid wood, and thus either crushing the insects or jarring 
them out. A tarred board was made which fitted close around the 
base of the pole and caught all the beetles which fell down (fig. 15). 
The rotten parts of the pole were chopped off and burned. Any 
beetles which fell out during this operation were caught on the tar, 
and the fire destroyed the rest. This is the most practical way of 
killing the beetles in the poles, as it is cheap and very effective. 

In vine-stubs and string-pegs.—As stated under the head of “ Hi- 
bernation,” the vine-stubs and string-pegs, which are usually left in 
the field when cleaning up in the fall, may shelter a considerable 
number of flea-beetles. In order to determine whether or not the 
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number present in such places is sufficient to warrant their destruc- 
tion, two hundred or more of these should be gathered, the beetles 
counted, and the average number of beetles per hill determined. If 
the number of beetles found will warrant the expense, the vine-stubs 
and string-pegs should be gathered during the cold weather and 
burned. In case the temperature is above 40° F. the stubs and pegs 
should be collected into tarred buckets to prevent any beetles from 
escaping. Below 40° the beetles are inactive and this precaution is 
unnecessary. 


BORDEAUX MIXTURE.? 


Bordeaux mixture has long been recommended as a deterrent 
against flea-beetles, and, should the overwintering adults severely 
attack the young hop-shoots, may prove quite effective against the 
hop flea-beetle. During the spring of 1909, when the hops were 
coming out of the ground, an infested region was thoroughly sprayed 
with the 5-5-50 formula, several rows being left as checks. Unfor- 
tunately wet weather followed, which, while it favored the growth of 
the hops, held the beetles back so that no definite conclusions could be 
* drawn. 

The Agassiz hopyards, at the time that the beetles became numer- 
ous, were sprayed with the same formula. The Bordeaux mixture 
certainly deterred the beetles, but drove them to the growing tips, 
where they seriously damaged the terminal bud. This destruction of 
the terminal bud is very undesirable, as it causes the plant to force 
out arms close to the ground. Besides driving the beetles to the grow- 
ing tips, the Bordeaux mixture burned the tender buds and also 
those leaves that were badly chewed by the beetles. Much damage 
was done in this way. 

Since it was evident that the 5-5-50 formula was too strong, a 
series of experiments was conducted to determine the relative effect- 
iveness of the 5-5-50, the 24-10-50 Bordeaux mixture, and straight 
slaked lime, 15 pounds to the 50 gallons, as deterrents. Two-thirds 
of each vine chosen for this experiment was thoroughly sprayed with 
the various materials. A cloth cage was placed over each one, and a 
large number of flea-beetles were liberated inside. Five days after 
setting these experiments it was observed that, although the sprayed 
portions were slightly eaten, the unsprayed parts were decidedly 
preferred, the lime being as effective a deterrent as the strong Bor- 
deaux mixture. Even though these experiments were fairly satis- 
factory, more work should be done along these lines at the time that. 


@¥or details in regard to the preparation of Bordeaux mixture the reader is 
referred to Farmers’ Bulletin 243, entitled “‘ Fungicides and their Use in Pre- 
venting Diseases of Fruits.” 
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the hops are just coming up and during a season when the hibernated 
beetles are very numerous, in order to get more extensive results. 


BORDEAUX-TOBACCO EXTRACT. 


In endeavoring to combine a deterrent with a contact insecticide, 
the 5-5-50 Bordeaux mixture and blackleaf tobacco extract at the 
rate of 1 gallon to 65 gallons were mixed together. Vines were 
treated the same as in the previous experiment, and on examination 
after five days it was observed that the Bordeaux-tobacco mixture 
was as effective a deterrent as the Bordeaux mixture alone. Its in- 
secticidal properties were tested by spraying a group of beetles which 
was placed upon a soil-covered cloth, and which, after being sprayed, 
was covered with a cage. After twenty-four hours 65 per cent were 
dead. In cases where the beetles are very numerous and a large 
percentage of them are around the vines, a Bordeaux-tobacco mix- 
ture should prove effective. 


TOBACCO DUST. 


In order to determine the value of ground tobacco as an insecti- 
cide, a large sheet was covered with a thin layer of soil, and on this 
was spread a ring of tobacco dust 14 feet wide. A healthy lot of 
beetles was placed in the center of this ring, and the few that managed 
to cross were caught and placed in a cage. Most of the beetles 
perished in the tobacco dust, and those that crossed soon died. After 
the dew had caked the powder, however, all of the beetles which 
were placed in the center of the ring crossed the tobacco unharmed, 
even though some of them carried small pieces of tobacco with them. 

Although the beetles are able to cross the caked tobacco, the insec- 
ticidal properties are not entirely lost, for when broken up and 
sprinkled onto the beetles it killed them as readily as the fresh 
material. 

Application on mangels.—A large plot was selected in an infested 
mangel patch and the tobacco dust thoroughly applied. The fol- 
lowing day only a few beetles were found on this plot, while the 
adjoining rows contained as many as ever. The tobacco dust 1s more 
effective on mangels than on hops, because the plants are close to 
the ground and can be more readily covered with the powder. 


IMPRACTICAL MEASURES. 


Against beetles in the poles—Spraying with a distillate or some 
other contact insecticide was suggested as a means of killing the 
beetles in the poles, but the “ fleas” are so far back in the slivers 
and so deep in the rotten portions of the wood that a spray will not 
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reach them. Painting the poles with crude oil or a thick crude-oil 
paint with the idea of blocking the beetles in was another suggestion, 
and several experiments were conducted along this line. Whiting 
was used as a filler and the poles were thoroughly coated with the 
mixture. This formed a sticky coating when first applied, but the 
oil was soon absorbed by the wood, and neither acted as a barricade 
nor a sticky trap for those that might crawl up the pole. At the 
time that the majority of the beetles were believed to be hibernating 
in the trellis poles, dipping them in hot crude oil was offered as a 
sure cure. This process, if properly handled, would probably de- 
stroy all the beetles that were in the poles, but the few present in that 
situation did not war- 
rant such expense. A 
fumigatorium (fig. 16) 
was made which could 
be placed around a 
trellis pole, and many 
fumigation experl- 
ments were tried dur- 
ing the winter. When 
the thermometer was 
below 32° F. the bee- 
tles were apparently 
unaffected by the 
gases, and under field 
conditions the wind 
blew so hard that it 
was impossible to 
make the fumigator- 
ium tight enough for 
effective work. Such ae 

Fic. 16.—Fumigating trellis poles to destroy hop flea- 
a method, too, would beetles. ( Original.) 
require a great deal of 
time and labor, and as a practical control measure is out of the 
question. Several attempts were made to burn the beetles that were 
in the poles. In one experiment kerosene was painted on the wood 
and hghted, and in another an oiled gunny sack was lighted and 
wound around the base of a pole which was then inclosed in the 
fumigatorium. By the latter method a few beetles were killed, but 
as wood is such a poor conductor of heat few were heated sufficiently 
to injure them. 

Rolling the yards.—The fact that beetles were observed hibernating 
in the grass and just under the surface of the soil led to the sug- 
gestion that rolling the yards with a heavy roller would kill a large 
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number of them which happened to be in such locations. To deter- 
mine this point 80 beetles were placed in each of three lamp chimneys 
and set over clumps of grass. As the cool evenings approached the 
fleas worked down into the sod, and before the frost was off of the 
erass the next morning a heavy roller was run over these clumps 
from three different directions. The lantern chimneys were then re- 
placed and the sod taken into the laboratory. On examination only 2 
injured beetles were found. Twelve in the first clump, 10 in the sec- 
ond, and 15 in the third were uninjured. The other beetles were not 
recovered and probably escaped during the rolling. A large block in 
one of the yards was rolled over at this time (fig. 17), but no differ- 
ence could be seen between the number of beetles which emerged on 
the treated block and the number which came out on the rest of 


Fic. 17.—Rolling the hopyards with heavy roller, as an experiment in the control of the 
hop flea-beetle. (Original.) 


the field. The chitin of the hibernating beetles is very hard. The 
beetles are not readily injured when rolled between the thumb and 
finger, and it is very improbable that a satisfactory percentage could 
be killed by rolling the field in which the beetles are hibernating. 


SPRAYING. 


When the beetles became numerous on the sprouting hops, the pos- 
sibility of the use of contact insecticides or of arsenicals was brought 
to the attention of the writer, and a number of sprays were carefully 
tested. 

Blackleaf tobacco extract—Flea-beetles which were thoroughly 
drenched with blackleaf tobacco extract at the rate of 1 gallon to 65 
gallons of water soon died, but many beetles jumped through the 
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spray and escaped. This material did not hurt the tender vines, but 
the beetles were not killed unless they were completely covered with it. 

Kerosene emulsion—According to Professor Quayle’s experiments 
of 1908, kerosene emulsion ranks next to blackleaf tobacco extract in 
effectiveness against this flea-beetle. 

Whale-oil soap—Whale-oil soap at the rate of 1 pound to 10 gal- 
lons of water was applied to hop “fleas” which were attacking 
mangels. When a beetle chanced to become the center of a drop of 
spray it soon died, but a little soap on one side or on its elytron did 
not injure it in the least. 

Resin lye.—The resin-lye spray used at the rate of 1 pound of 
resin to 10 gallons of water was a little more effective than the whale- 
oil soap, but was far from satisfactory. 

Arsenicals—Although the hop flea-beetle is supposed to be very 
resistant to arsenicals, laboratory experiments proved that a fair per- 
centage may be killed by the use of either arsenate of lead or Paris 
green. For good results the arsenate of lead should be used at the 
rate of 5 pounds to 50 gallons of water, and the vines should be kept 
well covered with it, but since the vines grow very rapidly such a 
method becomes too laborious and costly. 


TRAPS. 

Trap foods.—lt is evident from the results obtained in the pre- 
ferred food-plant experiments that the best trap food for beetles. 
either on the hops or on the mangels, is the nettle, the tomato for the 
hop and the rhubarb for the mangel coming next. Since the hop is 
preferred to any other plant, and since it comes up at the same time 
as the nettle, the only chance to use a trap food is in the fall after the 
hops are gone. The borders of the fields are the only places where a 
trap crop can possibly be grown, because, when the hops are gathered, 
the pickers would trample down anything that was growing between 
the rows. If the nettles which grow along the fences are thoroughly 
sprayed with arsenate of lead or Paris green about the time that the 
hops are picked a large number of beetles may be killed. 

Trap lights—The beetles which were brought into the laboratory 
appeared to be quite positively phototropic, and with the hope that 
trap lights might prove successful these were tried under field condi- 
tions. A lantern set on a tanglefooted board was placed in an in- 
fested mangel patch. Although the beetles were numerous on the 
mangels all around the light, only a few of them were attracted to 
it. They could be seen crawling around on near-by leaves, but ap- 
parently had no desire to approach the light. The same results were 
obtained with the acetylene light, the increased intensity having no 
effect upon the beetles. 

Trap shelters—The use of trap shelters to catch the hibernating 
beetles was one of the first control measures which were thought of. 
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The idea was to distribute them around the field while the beetles are 
still active and collect them as soon as the beetles hibernate. Under 
laboratory conditions beetles entered two sorts of traps very readily. 
The one is made by cutting the old vine stems into 6-inch sections 
and tying 8 or 10 of them into a bundle. The other trap is made of 
corrugated paper, with a plain sheet fastened on each side with 
marine glue. This leaves a row of tubes into which the beetles can 
crawl. Pieces 4 inches square were to be pegged out with slender 
pegs, but since other control measures have proved so effective the 
experiment has never been tried in the field. 


CULTIVATION AND FERTILIZATION. 


The earlier the hops come up in spring, the better chance there will 
be of their reaching the “string” before the beetles attack them. 
When the vines are once on the string they can be protected with 
tanglefoot bands or by the use of tarred boards. 

Inasmuch as cultivation and fertilization tend to bring the vines 
up earlier in the spring they aid in the control of the beetles, and if 
clean cultivation is practiced after the vines are tanglefooted a large 
number of beetles will starve to death. 


RECOMMENDATIONS. 


The first knowledge that the hop growers will probably have of the 
presence of the hop flea-beetle in dangerously large numbers will be 
‘attack by the beetles upon the vines about the time that they are 
ready to train. The “ fleas” at this time may be greatly reduced in 
numbers, so that the vines can reach the strings, by the use of the 
sticky shield (p. 49) or the heavier tarred board (p. 48). 

After the vines are trained the beetles are readily controlled by the 
use of the tanglefoot bands. These bands should be renewed on the 
vines, and the trellis poles should also be banded at the time that the 
vines are tied in and stripped, or just before the appearance of the 
second generation. These tanglefoot bands form a perfect barrier 
to the insects. Even though the beetles are present in very large 
numbers they can not reach the upper parts of the hop vines, which 
can therefore produce a crop without molestation. 

In order to starve the beetles the yards should be well cultivated 
and all suckers cut from the bases of the vines. If this is done the 
emerging insects will find very little to feed upon. In some cases 
the destruction of the beetles which hibernate in the trellis poles, 
string pegs, and vine stubs may be advisable, but if the banding is 
thoroughly done and the yards are kept clean during the growing 
season, very few beetles will live through the winter to attack the 
vines in the following spring. 
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SOME INSECTS INJURIOUS TO TRUCK CROPS. 


BIOLOGIC AND ECONOMIC NOTES ON THE YELLOW-BEAR 
CATERPILLAR. 


(Diacrisia virginica Fab.) 4 
By H. O. Marsu, Agent and Expert. 


RECENT INJURY. 


During the late summer and fall of 1909 there was a serious out- 
break of the common yellow-bear caterpillar (Diacrisia virginica 
Fab.) in the upper Arkansas Valley of Colorado. Never before in 
the history of the valley had this species been so destructive, and 
the outbreak came as a surprise to all concerned. 

The larve, or caterpillars, of the first generation developed nor- 
mally on weeds along the fences and irrigation ditches and caused 
little damage to cultivated crops, but the larve of the second gener- 
ation, which began to develop about the middle of August, were so 
numerous that the weeds were not sufficient to support them and 
they spread to sugar beets and other crops. 

The sugar beets, because of the extensive acreage and the large 
supply of food which their tender foliage offered, were more severely 
damaged than any other crop. The larve were variously estimated 
to have infested from 15,000 to 20,000 acres of sugar beets in the 
upper portion of the Arkansas Valley. Definite records from this 
vast acreage show that fully 1,006 acres were badly defoliated. 

The larvee of this second generation developed so late in the season 
that the injury to which the beets were subjected did not noticeably 
reduce the tonnage, but all over the worst infested area there was a 
reduction in sugar content and quality. Owing to the other factors, 
such as late rains and a disease known as “leaf spot” (Cercospora 
beticola Sacc.), which also tended to lower the sugar content, any- 
thing more definite than an approximate statement concerning the 
loss of sugar in the beets would be very misleading. However, 
estimates based on comparative analyses made by the chemists at 


a4 Formerly known as Spilosoma virginica Fab. 
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the various sugar factories indicated that there was a loss in sugar 
content of from 1 to 3 per cent over the badly defoliated area. Over 
a large part of the infested area the defoliation was not bad enough 
to cause any very noticeable loss. 

The author’s first observations in the Arkansas Valley on this 
species were made on July 23, 1909, at Rocky Ford, Colo., and the 
following is a summary of his notes at that place and at other points 
in Colorado and Kansas during the season. All notes, except when 
other localities are mentioned, were taken at Rocky Ford. 

Before entering into a discussion of the biology, of the plants 
injured, of the experiments made, and of other matters, attention is 
called to the illustration (fig. 18) which shows the female moth, 
larvee, cocoon, and pupa. This needs no further explanation than 
to state that the moth is of moderate size, its spread of wings 


Fic. 18.—The yellow-bear caterpillar (Diacrisia virginica): a, Female moth; 5, larva; c, pale form of larva; 
d,cocoon; ¢, pupa. (From Chittenden.) 


being from 14 to 1} inches, ornamented with black dots as indicated, 
and that the larve vary in color, the dark form (b) and white form (¢) 
being shown. 

BIOLOGIC NOTES. 


On July 23 nearly mature larve of the first brood were fairly 
abundant on lamb’s quarters along the fences and irrigation ditches. 
In some places it was noticed that they had spread from the weeds 
to sugar beets and had stripped the foliage from the first three or 
four rows nearest the fences. On August 3 and 4 full-grown larvee 
were found in moderate numbers on sugar beets and lamb’s quarters 
at Fort Collins and Greeley in northern Colorado, and on August 10 
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a large cluster of- eggs of this species was taken on a sugar-beet leaf 
at Rocky Ford, Colo. August 13, at a seed farm east of Rocky Ford, 
many clusters of eggs, thousands of newly hatched larve, and some 
larve one-third grown were found on a large patch of rhubarb. A 
dozen or more moths were also observed on the rhubarb, some of 
which were depositing eggs. Rhubarb, possibly because it provided 
so much protection to the moths, was a favorite food plant and great 
numbers of eggs were deposited on it. The larve, after partially or 
completely stripping the large leaves, spread to other plants. 

By August 24 larve, varying in size from quite small to one-half 
grown, were seen in many beet fields. Infestation was usually con- 
fined to spots, often only a corner of a field being infested. 

By September 6 infestation had become general and there was 
probably not a field of beets in the Rocky Ford district in which 
larve were not present, at least in small numbers. At this date a 
large portion of the larvee were over half grown. The worst infesta- 
tion occurred within a radius of 24 miles from the town. With few 
exceptions, the beets outside of this area were not seriously infested, 
and later examinations throughout the infested portions of the valley 
showed that the worst infestations were close to the towns, although 
in some cases the infestation extended miles beyond them. 

September 11 the first cocoon was found, containing a larva which 
pupated afew days later. By September 14 many larve had matured, 
left the beets, and were seen hurrying away in search of places for 
pupation. September 17, several larvee were found dead from a 
fungous disease. By September 20, although larve were still 
abundant and as many as 16 individuals were counted on a single 
beet, many had matured and crawled under heaps of weeds, grass, 
rubbish, boards, etc., along fences and irrigation ditches, and had 
formed cocoons. Of 20 cocoons which were examined at this time, 
19 contained live larve and 1 a new, soft pupa. Seventeen of these 
larve pupated within the next three or four days. At this date, 
September 20, a large acreage of the beets had been badly defoliated. 
In some fields nothing remained of the foliage except a few. young 
leaves (which the larve usually avoided), the petioles, and some of 
the larger veins of the older leaves. 

September 22, in the corner of one beet field, over an area about 
three-fourths of an acre in extent, many larve were troubled with a 
fungous disease identified as Botrytis bassiana Bals. About 2 per 
cent of the larve had died from this cause... It was noted September 
25, and later throughout the Rocky Ford district, that the disease 
had not spread and that diseased larve did not exist or were rare, 
except in this corner. 

By September 27 larvee were noticeably less abundant and many 
defoliated beets were putting out new tops. Before the Diacrisia 


62 SOME INSECTS INJURIOUS TO TRUCK CROPS. 


infestation became very bad a considerable amount of the older 
beet foliage had been killed by the “‘leaf-spot”’ disease (Cercospora 
beticola Sacc.) and the plants had put out a new stock of leaves. The 
Diacrisia attack, following the ‘‘leaf-spot’’ injury, made necessary 
still another crop of leaves before the beets could mature. By 
October 5 the bulk of the larve had entered winter quarters. The 
cocoons were common under weeds and many contained pups. On 
October 12 there were still a few belated larvee on the beets. 

Between October 14 and 24 a trip was made through the beet- 
growing sections of the Arkansas Valley. At Las Animas, Colo., 
about 30 miles east of Rocky Ford, the larve had been abundant 
and destructive. This place appeared to be the eastern limit of 
injury. Examinations and inquiries made at Lamar and Holly, 
Colo., and at Garden City, Kans., showed that the larve had not 
occurred in unusual numbers at those places. West and north in 
the Arkansas Valley the larvz occurred in injurious numbers as far 
as the beets were grown, i. e., into the country around Pueblo and 
Sugar City, Colo. 

As late as October 24 occasional larve still occurred on the beets 
at Rocky Ford, Colo. At this date 100 cocoons were collected from 
under boards and weeds and examined. Seventy-four contained 
live pupe, 4 contained dead pupx, in 10 were live larve, and in 12 
dead larve. Two of the live larve had the eggs of a tachinid parasite 
fastened on their backs and one of the dead larve contained a live 
tachinid larva. The other larve had evidently died either from a 
fungous disease or from natural causes. Two of the dead pupe 
were deformed and the other two had evidently died from disease. 
By October 30 the larvee had almost completely disappeared from the 
beet foliage. 

A remarkable feature of this outbreak is that the larve had so few 
natural enemies. Birds did not eat them, and with the exception of 
a few individuals which were killed by parasites and disease they 
appeared to be unmolested. 

On November 12 thousands of healthy pupz were in condition to 
pass the winter safely. If the pup are not killed by man or by 
adverse weather conditions, there is every indication that there. will 
be another outbreak of the pest during 1910. 


LIST OF PLANTS INJURED. 


During September, when the larve occurred in most noticeable 
abundance, they were found feeding on the following plants: Sugar 
beet, stock beet, table beet, rhubarb, cabbage, cauliflower, turnip, 
radish, celery, carrot, parsnip, eggplant, potato, pumpkin, squash, 
watermelon, cantaloupe, sweet’ potato, corn, lima bean, string bean, 
asparagus, pea, peanut, alfalfa, hollyhock, morning-glory, canna, 
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hyacinth, dahlia, cherry, gooseberry, blackberry, raspberry, currant, 
grape, dock (Rumex), Amaranthus, Chenopodium, Helianthus, 
Solanum rostratum, Verbesina, Ambrosia, Russian thistle (Salsola 
tragus Auct.), and Spanish needle. 


EXPERIMENTS WITH ARSENICALS. 


Opportunity was afforded for testing arsenate of lead and Paris 
green as means of suppressing the yellow-bear caterpillar on sugar 
beets and celery. 

Experiments were made as follows: 

Expervment No. 1.—Arsenate of lead applied at the rate of 6 pounds 
in 100 gallons of water. 

Experiment No. 2.—Arsenate of lead at the rate of 8 pounds in 100 
gallons of water. 

Experiment No. 3.—Arsenate of lead at the rate of 10 pounds in 
100 gallons of water. © 

Experiment No. 4.—Arsenate of lead, 8 pounds to 100 gallons, 
applied twice to the same plants, practically equaling 16 pounds of the 
arsenate to 100 gallons of water. 

In these experiments 150 gallons of the mixture at the various 
strengths were applied September 7-9, 1909, to 3 acres of sugar beets 
with an ordinary barrel sprayer, mounted on a cart and drawn by a 
mule. The sprayer was fitted with an 8-row attachment and nozzles 
of the Vermorel type, and the upper surface of the beet foliage was 
given an even coating of poison. Traces of the poison were visible 
on the sprayed foliage for nearly a month after application. 

These four experiments were entirely unsuccessful, as practically 
no larve were killed either in the field or in cages supplied with 
poison-coated leaves. In both cases the poisoned foliage was eaten 
readily. A sample of the arsenate of lead used in the experiments 
was analyzed by the Bureau of Chemistry and found to be of unusu- 
ally good quality. 

Experiment No. 5.—Arsenate of lead (Disparene) at the rate of 8 
pounds in 100 gallons of water. 

September 21, 6 gallons were applied with a small compressed-air 
sprayer fitted with a nozzle of the Mistry type to 8 rows of celery, 
each about 90 yards in length. A very thorough and even coat of 
poison was given the plants, but very few larve were killed. 

An analysis made of this arsenate of lead by the Bureau of Chemis- 
try showed that it was of unusually good quality. 

Experiment No. 6.—Paris green, 5 pounds, and lime, 5 pounds, to 
each 100 gallons of water. 

September 25, 2 gallons of this mixture were applied with a 
compressed-air sprayer and nozzle of the Mistry type to 2 rows of 
celery, each about 90 yards in length. Twenty-four hours after the 
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treatment 15 per cent of the larve were dead, and within three or 
four days few larve remained on the plants. The disappearance 
of the larvee was not entirely due to the Paris green, as the celery was 
sprayed, at about the same time the poison was applied, with a solu- 
tion of lye-sulphur for the common red spider (Tetranychus bimacula- 
tus Harv.). This solution was evidently very distasteful to the 
larve and they went over to the unsprayed or check plants. 

Experiment No. 7.—Paris green, 8 pounds, and lime, 8 pounds, to 
100 gallons of water. 

September 1 about 40 gallons of this mixture were applied to 1 
acre of sugar beets with the same equipment used in Experiments 
Nos. 1, 2, 3, and 4. Some trouble was experienced in keeping this 
mixture in suspension, but a fairly even coat of poison was made, 
which remained visible for at least ten days after the treatment. 

This application was ineffective, for although a few partly grown 
larve were killed the number was so small that a week later the 
larvee were as abundant on the sprayed plants as on those unsprayed. 
Analysis made of a sample of the Paris green used in this experiment 
showed it to be of good quality. 

Experiment No. S.—Paris green, 10 pounds, and lime, 10 pounds, in 
100 gallons of water. On September 12, 64 gallons of this mixture 
were applied with a compressed air sprayer and Mistry type nozzle 
to 5 rows of celery, each row being 100 yards in length. Although 
the mixture required frequent agitation to hold the poison in suspen- 
sion, an even coat of poison was applied. 

Twenty-four hours after the application 55 per cent of the larve 
were dead, and three days later but few living individuals could be 
found on the sprayed plants, while on the check row they were still 
abundant. This treatment was extremely effective, as practically 
100 per cent of the larve were killed. 

Experument No. 9.—Paris green, 10 pounds, and lime, 10 pounds, to 
100 gallons of water. On September 21, 9 gallons of this mixture 
were applied to 10 rows of celery, each row being about 90 yards in 
length. This experiment was a repetition of No. 8, and the results 
were practically the same. 

Expervment No. 10.—Paris green, 10 pounds, and 10 pounds of 
lime to 100 gallons of water. On September 14 about 35 gallons of 
this mixture were applied to a little over half an acre of sugar beets. 
An ordinary barrel sprayer mounted on a handcart was used. The 
sprayer was fitted with an agitator so small that it was impossible 
to keep the poison in suspension. As a result the bulk of the poison 
was applied to the first few rows of beets sprayed. Owing to rain of 
the previous day the soil was so moist in the beet field that the pump 
could not be taken into it, and the mixture had to be applied through 
a 50-foot length of heavy garden hose and a nozzle of the Vermorel 
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type. The hose could not be handled to advantage, and an extremely 
poor and unsatisfactory application was made. 

Where the coat of poison was thick, a good many of the larve 
were killed, but as the amount of poison diminished the number of dead 
larvee diminished also and the experiment was considered a failure 
from every standpoint. 

Shortly before any of the above experiments were undertaken, one 
of the beet growers made tests with Paris green at the rates of 1 
pound and 2 pounds in 50 gallons of water against these larve on 
sugar beets. These tests were not made under the writer’s direction, 
but from all appearances careful work was done. The poison did 
not kill a material number of the larve; and as these strengths 
were so obviously ineffective, the apparently excessive strengths 
were used in the experiments which were conducted later. 

In none of the experiments with arsenate of lead was the foliage, 
either of sugar beets or celery, burned, but with Paris green, wherever 
the foliage was partly eaten there was some burning. This, however, 
was not serious in any case. Leaves remaining entire, even the very 
tender ones at the center of the plants, were uninjured. 

The weather conditions were ideal during the time these experi- 
ments were made. 

The results of these spraying experiments are summarized in the 
following table: 


Results of experiments with sprays against the yellow-bear caterpillar (Diacrisia virginica) 
on sugar beets and celery. 


Experi- 
ment Date. Insecticide used. Larve killed. Remarks. 
nuim- | 
ber. 
1909. 

Lae Baas Sept. 7 | Arsenate of lead 6 pounds to | Very few........-. Applied to sugar beets with bar- 
100 gallons of water. rel sprayer fitted with 8-row 

| attachment. 

eee B75 GIOiScee | Arsenate of lead 8 pounds to |.._.- ClO eiseabeee ee | A pplied to sugar beets with 8-row 
| 100 gallons of water. | sprayer. 

Sie 8 Cea | Sept. 9 Arsenate of lead 10 pounds |..... Coss eth -2jac22 | Do. 
| | to 100 gallons of water. | 

Ae Sept. 7-8 Arsenate of lead 16 pounds |....-. Gee cee seeeces | 8 to 100 mixture applied twice to 

| to 100 gallons of water. | same plat of sugar beets with 
|  §-row sprayer. 

Bs ee Sept. 21, Arsenate of lead 8 pounds to |..-.. dOsrss22450--e | Applied with hand sprayer to 

| 100 gallons of water. celery. 

65 x8s5 2s Sept. 25 Paris green 5 pounds and | At least 15 per | Applied to celery with hand 
lime 5 pounds to 100 gal- cent. sprayer. The larve deserted 

| lons of water. | this plat because it was also 

: ; sprayed with lye-sulphur solu- 

tion for the common red 
| _ spider. 

Ff eae Sept. 1 | Paris green 8 pounds and | Very few.........- | Applied with 8-row sprayer to 
| lime 8 pounds to 100 gal- | sugar beets. 
| lons of water. 

Sess | Sept. 12 Paris green 10 pounds and | Practically 100 per | Applied with hand sprayer to 
lime 10 pounds to 100 gal- cent. celery. 
lons of water. 

OP 2453 | Sept. 21) Paris green 10 pounds and |..... Ovens ste Applied with hand sprayer to 
| lime 10 pounds to 100 gal- celery. Repetition of experi- 
lons of water. ment No. 8 to determine effect 
| , | on older larvee. 

OES oe Sept. 14 Paris green 10 pounds and | Varying number..| Applied to sugar beets. Results 
lime 10 pounds to 100 gal- inconclusive because of poor 
lons of water. application with faulty 

sprayer. 
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It will be seen that arsenate of lead, even when applied at an 
excessive strength by hand or machine sprayer, was entirely ineffec- 
tive against the larve of D. virginica on sugar beets and celery. 
Paris green, when applied very thoroughly by hand to celery, gave 
perfect results when used at excessive strengths, but when applied 
to sugar beets with a machine sprayer (the only practical method 
with such a crop) it, too, proved ineffective. 

The failure to kill the larvee was not due to their being nearly 
mature, as in the earlier experiments they varied in size all the way 
from one-fourth to three-fourths grown; and as the development of 
this species is very irregular there were larve present which were 
not over half grown when all the experiments were made. 

Judging from the results of these experiments, the arsenicals can 
not be depended on to control the larve of D. virginica on sugar 
beets. It is evident that clean cultural methods offer the best chance 
of keeping this species under control. The larve are very general 
feeders, and during the early growing season they evidently prefer 
weeds, such as lamb’s-quarters, for food. Much benefit would be 
gained by keeping the ditch banks, and spaces along the fences, 
free from weeds. 

On reaching maturity the larve crawl under heaps of dead weeds, 
tufts of grass, boards, and other rubbish, along the ditches and 
fences. In such quarters, which, especially in the case of weeds and 
grass, offer but slight protection, they construct frail cocoons in 
which the pup pass the winter. There is no better method of fight- 
ing this species than to burn the weeds, grass, etc., under which the 
pupe find protection. This burning, which can be done any time 
between November 1 and April 1, would not only have the advantage 
of destroying quantities of weed seeds and Diacrisia pupe, but would 
also kill the “alkali bugs” (Monozia sp.?) which hibernate under 
the weeds in the same places as the Diacrisia pupe. 

In the field the larvee were watched for over three weeks, or until] 
a large proportion of them had matured and left the plants to pupate. 
The arsenate of lead was visible on the beet foliage during all of this 
time. <A few larve were put in a cage supplied with the poison- 
coated leaves from the sprayed plats immediately after the applica- 
tion was made. These leaves were almost completely consumed 
during the following two days and after that unsprayed foliage was 
given them. Only one small larva out of about 25 died, although 
they were kept caged and under daily observation for ten days or 
until the oldest individuals began to prepare to pupate. 

Personally the writer believes that the failure to kill the larve 
was due, in part at least, to the fact that an insufficient amount of 
spray was used to the acre. Fully 100 gallons to the acre should 
have been applied. 


—— we 
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SOME INSECTS INJURIOUS TO TRUCK CROPS. 


NOTES ON THE CUCUMBER BEETLES. 


By F. H. Cuirrenpen, 
In Charge of Truck Crop and Stored Product Insect Investigations. 


INTRODUCTORY. 


Among insects injurious to useful crops are many species of Dia- 
brotica, most of which for convenience we may term cucumber 
beetles, the term including such species as feed upon cucurbits and 
similar plants. The commonest and best known examples are the 
striped cucumber beetle® (Diabrotica vittata Fab.), the twelve-spotted 
cucumber beetle or southern corn root-worm (D). duodecimpunctata 
Oliv.), and a western species related to the last, known as Diabrotica 
soror Lec. All of these are of the highest economic importance. The 
first mentioned is one of the most injurious species affecting truck 
crops: the second is very troublesome in the Southern States, while 
the last is about equally injurious in the Pacific region. In 
addition to these we now know of several other species which 
habitually or occasionally affect truck crops. In all there are a full 
score of species of this genus and two subspecies. <A few of these are 
more often found on corn and grasses, hence will not be considered in 
this article. 

The notes which follow are supplemented by a more detailed article, 
by Mr. H. O. Marsh, on the same and other species. The species 
which the writer will consider have never been treated at any length 
in a departmental publication, and the illustrations are here presented 
for the first time. 


aThe economic treatment of the first two species mentioned, the striped and the 
twelve-spotted cucumber beetles, is given in Circulars Nos. 31 and 59, respectively. 
In the latter, the western corn root-worm, which is more of a field-crop insect, is also 
treated. These publications may be obtained free of charge on application to the 


Secretary of Agriculture. 
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THE SADDLED CUCUMBER BEETLE. 
(Diabrotica connexa Lec.) 


What appears to be the first report of attack by the saddled cucum- 
ber beetle (Diabrotica connexa Lec.) was that made by Mr.C.S. Spooner, 
April 10, 1907, while engaged in truck crop insect investigations 
in this Bureau. It was found attacking cucurbitaceous plants at 
Corpus Christi, Tex. Mr. E. A. Schwarz, of this Bureau, however, 
states that he had met with it commonly in western Texas in earlier 
years, attacking cucurbits. 

This species (fig. 19) belongs to the same series as Diabrotica balteata 
Lec., but to a group in which the antenne have the third joint fully as 
long as the fourth and twice as long 
as the second. The elytra or wing- 
covers are dark ochraceous yellow 
with a purplish-brown transverse 
band at the base, another just for- 
ward of the middle, and with four 
roundish spots of the same color rep- 
resenting a third band. The first 
two bands are usually united on their 
outer edges, inclosing a more or less 
heart-shaped area of ochraceous yel- 
low color. The head is colored about 
like the bands and spots on the elytra. 

This insect is a little larger than D. 

Fig. 19.—The saddled cucumber beetle (Dia- 
brotica connera): Beetle, about 5 times natural balteata and measures nearly three- 
size. (Original. tenths of an inch (7 mm.) in length. 

It is recorded by Horn,? who describes the adult in detail, from 
“Texas and Mexico.”” Jacoby? figures the species and mentions 
Tuxtla in Mexico. 


THE PAINTED CUCUMBER BEETLE. 
(Diabrotica picticornis Horn.) 


October 13, 1905, Mr. F. C. Pratt observed the painted cucumber 
beetle (Diabrotica picticornis Horn) at San Antonio, Tex., in great 
numbers in the blossoms of okra and on beets, associated with D. 
balteata. The species was received December 12, 1906, from Mr. 
F. B. Headley, from San Antonio, Tex., with the report that it was 
eating vetch and horse beans. It was associated with D. balteata and 
D. 12-punctata. Mr. C. S. Spooner observed the same species on 
squash and on cotton at San Antonio, Tex., in June, 1907. 


aTrans. Amer. Ent. Soc., Vol. XX, p. 91, 1893. 
b Biol. Centr.-Amer., Coleop., Phytophaga, Vol. VI, Pt. I, 1887, fig. 20, Pl. XX XII. 
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Following is a description of the egg: 

The egg.—Opaque buff, the surface slightly or apparently pulverulent, finely sculp- 
tured, and ringed in many deep hexagonal pits as in other species of Diabrotica. The 
outline, however, is extremely irregular, and the size is similarly variable. Average 
length, 0.7 mm.; width, 0.5 mm. 

The eggs were obtained in large numbers, deposited singly and 
distributed over the lower surface of cucumber leaves. The eggs 
under observation were deposited June 24 to July 3. 

This species (fig. 20) belongs to the same series as D. balteata but 
to a group in which the antenne 
have the second and third joints 
small, together rarely longer than 
the fourth. The elytra or wing- 
covers are ornamented about as in 
D. connexa, but with the four round- 
ish posterior spots forming a cres- 
cent. The head and metathorax 
are black, as are the bands and spots 
on the elytra. The thorax varies 
from dark yellow to bright red. The 
beetle measures less than  three- 
tenths of an inch (6.5 mm.) in 
length. 


fi : : Fic. 20.—The painted cucumber beetle (Dia- 
The distribution recorded extends brotica picticornis): Beetle, about 6 times 


Omiyvaron texas to Mexico. Horn -~ ‘ut! size. (Original:) 
(loc. cit.) wrote of the distribution, ‘‘Occurs in Texas, locality 
unknown.” 


THE BELTED CUCUMBER BEETLE. 


(Diabrotica balteata Lec.) 


What is probably the first record of injurious attack by the belted 
cucumber beetle (Diabrotica balteata Lec.), or, indeed, the first record 
of any food plant for it, was made in 1904 in an editorial note in 
Bulletin 44 of this Bureau (p. 84). Specimens of the beetle were 
received from Mr. A. L. Herrera, December 3, 1902, with the report 
that the species was injurious to wheat at Salvatierra, Guanajuato, 
Mexico. 

The first report of injury in this country was made by Mr. F. C. 
Pratt, of this Bureau, October 5-7, 1905, while at Brownsville, Tex. 
Mr. Pratt observed the adults of this leaf-beetle in great numbers 
on beans, corn, and okra, especially in the blossoms, and on cucum- 
bers. In this locality it practically displaced the two usually more 
common cucumber beetles, D. 12-punctata Oliv. and D. vittata Fab. 
In its work on beans it resembles the bean leaf-beetle (Cerotoma 
trifurcata Forst.). The same species was observed under the same 
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conditions at San Antonio, Tex., October 13, and at New Braunfels, 
Tex., October 27. 

December 12, 1906, this species was received at the Bureau of 
Entomology from Mr. F. B. Headley, San Antonio, Tex., with the 
report that it was injuring vetches and horse beans. It was asso- 
ciated with Diabrotica 12-punctata and D. picticornis. 

June 15, 1907, Mr. C. S. Spooner, while working under the writer’s 
direction at San Antonio, Tex., found numerous beetles of this 
species on squash, where it was associated with D. picticorns. It 
was also noticed on cotton. 

During 1908, Mr. D. K. McMillan, of this Bureau, observed this 
beetle during March on eggplant at Olmito, Tex., eating melon 


Fia. 21.—The belted cucumber beetle (Diabrotica balteata): a, Pupa; b, anal seg- 
ment of same; c, beetle; d, eggs; e, much enlarged surface of same; /, anal 
segment of larva; g, larva, dorsal view. c, g, About 6 times natural size; a, 
d, a little more enlarged; b, e, still more enlarged. (Original.) 


leaves at Brownsville, Tex., in May, and on beans and eggplant at 
Harlingen, Tex., in November, attacking the blooms. 

The egg of this species may be described as follows: 

The egg.—Pale yellowish buff, with the surface moderately shining, and with the 
usual hexagonal pits well defined but comparatively shallow. Form somewhat regu- 
lar oval, corresponding rather closely to that of Diabrotica vittata. Length, 0.61 mm.; 
width, 0.35 mm. 

The eggs were first obtained, July 1, in three masses deposited, in 
confinement, on the lower surface of cucumber leaves, the individual 
eggs being so closely applied to each other that they could hardly 
be separated without breaking them. 

During 1910 Mr. M. M. High found this beetle attacking lettuce, 
cabbage, and onions at Brownsville, Tex. February 22 it was 
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observed feeding on onions on the farm of a Mr. Bass at Lyford, 
Tex. In some instances the adult was observed some distance 
toward the apex and on the inside of the leaf. A hole was made in 
the middle portion of the leaf just large enough for the insect to 
enter. In this way it conceals itself and feeds quietly from the inner 
side of the onion leaf. 

This species, with the others here considered, belongs to what 
Horn has classified as Series A of the genus. Thus classified they 
are related to the common twelve-spotted cucumber beetle (D. 12- 
punctata Oliv.). The characters by which they are separated from 
Series B and C, which also include injurious forms, are as follows: 

The elytra or wing-covers are irregularly, not closely punctate; 
the surface is without impressed striz or sulci (channels); the tibize 
or shanks have a distinct carina or ridge extending the entire length 
of the outer edge. In this series balteata falls into a second group in 
which the second and third joints of the antenne are small, together 
rarely longer than the fourth, usually shorter. 

The beetle, illustrated by figure 21, c, is greenish yellow in well- 
preserved specimens, with red head, black metathorax, and elytra 
ornamented with three transverse green bands. Sometimes these 
bands have a bluish tint and frequently also are almost entirely 
lacking, the species showing great variation in this regard. The 
length is from one-fifth to one-fourth of an inch (5-6 mm.). 

The distribution accorded by Horn is from Texas southward 
through Mexico to Colombia, South America, but that it can occa- 
sionally extend its range or is accidentally carried to other regions 
is proved by a specimen which the writer saw when it was collected 
at Rosslyn, Va. 


THE WESTERN TWELVE-SPOTTED CUCUMBER BEETLE. 


(Diabrotica soror Lec.) 
RECENT INJURY. 


The records of the Bureau of Entomology show considerable 
injury by the western twelve-spotted cucumber beetle (Diabrotica 
soror Lec.) in recent years, especially in 1907 and 1908. December 
11, 1906, Mr. Frederick Maskew wrote that of the insects collected 
from the foliage of growing beets in and near Oxnard, Cal., this 
species was the most plentiful. It could be seen in myriads, copu- 
lating freely at that time. Injury sometimes attributed to wire- 
worms was, he believed—judging from the description of the damage, 
its suddenness, and its short duration—probably the work of the 
larva of this species. 

During 1907 complaint was received, March 3, from Mr. O. W. R. 
Treadway, Lodi, Cal., of injuries to melon, cucumber, squash, beans, 
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and corn; August 4, of injury to cucumber and melon, reported by 
Mr. 8S. Halverson, Gonzales, Cal.; August 7, of injury to cabbage, 
beans, and peas at Fort Ross, Cal., by Mr. J. B. Wilhams; August 11, 
by Prof. E. 8S. G. Titus of serious injury to melons at Imperial Junc- 
tion, Cal., for that and the previous year. September 2, 1907, Mr. 
Williams again reported injury to vegetables at Fort Ross, Cal., 
cabbage being badly affected. 

Of this species, Mr. I. J. Condit, of San Luis Obispo, Cal., wrote, on 
September 6, 1907, that it was the worst pest in that vicinity, swarm- 
ing over everything and evidently having no choice as to its food. 
Gardeners there stated that they could not grow zinnas, daisies, and 
some other plants, as the flowers were so badly eaten that they were 
worthless. The blossoms were sprayed, which protected them, but 
the new buds opening the following day were attacked just as severely. 

In 1908, Mr. H. O. Marsh, while carrying on investigations for the 
Bureau of Entomology at Tustin and Garden Grove, Cal., reported, 
September 24, injury by the larve to peanuts. At that time larve, 
pup, and newly formed adults were common in soil about growing 
peanuts, some of the larve being in the nuts which had been very 
badly injured by this species and a species of Blapstinus. Similar 
injury was noted by Mr. C. E. Ott at Garden Grove, Cal., who reported 
that the beetles caused him considerable trouble by nearly ruining a 
young orange grove earlier in the season. 

March 16 of the same year, Mr. G. E. Beusel, Oxnard, Cal., sent 
specimens of this beetle, stating that it was attacking beet leaves. 
In one field the beetles had destroyed a very good stand of 30 acres 
of beets in a few days. Our correspondent took it for Diabrotica 12- 
punctata, whose larva he knew developed at the roots of grasses and 
corn. He also stated that he did not think that there was a practical 
remedy to check the work of the beetles of this insect on young beets. 

April 16, Mr. Thomas J. Simpson, Noyo, Cal., wrote in regard 
to this insect and its work in gardens in that vicinity. In summer 
they were so thick that they ate leaves from beans, potatoes, corn, and 
other plants. A remedy was desired that would not poison the vege- 
tables. Writing of this species April 24, Mr. Edward M. Ehrhorn, San 
Francisco, Cal., stated that in some seasons this beetle was quite a 
pest in orchards, especially on young trees, and that at times it also 
caused much damage to seed farms. The parasitic fly, Celatoria 
diabrotice Shimer, in certain seasons keeps the beetle in check, 
appearing at these times in great numbers, probably on account of 
weather conditions. 

As to remedies, he thought that an arsenical dusted on the plants 
would be preferable to an arsenical spray in treating this species in 
beet fields. 
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Mr. Marsh wrote further of this species and its occurrence at Tustin, 
Cal., that the peanuts were growing in sandy soil, and injury was every- 
where apparent, but that larve and pupz occurred September 28 
only in spots in the heavier sandy soil. Here there were from one 
to twenty. Usually, however, there were from three to five to almost 
every plant, located from 2 to 3 inches below the surface. Most of 
the larve had matured. The pupez were found in very fragile cells, 
and many of these were maturing, and there were many adults on 
the foliage and many soft, newly formed ones in the soil. The fact 
that the heavy soil is more moist and cooler than the lighter sand 
probably accounts for the later maturing of the beetles in such loca- 
tions. Up to December 17, the species, according to Mr. Marsh, 
had not gone into hibernation, the adults being still moderately 
common on spinach, lettuce, mustard, and 
other plants. They were flying or crawling 
about quite actively during the warm part 
of the day, and appeared to prefer spinach 
as a food plant. 


DESCRIPTIVE. 


The beetle of this species (fig. 22) differs 
from the common twelve-spotted cucumber 
beetle (Diabrotica 12-punctata) by hav- 
ing the entire lower surface black. In 
a good series of specimens at hand it is 
noticeable that even in preserved speci- 
mens the species under discussion preserves een ata Dobe Ni ip site 
more of thenatural green color than does __ Female beetle, about 6timesnatural 
the eastern species. The twelve spots are ““ ‘Omsinal) 
located and arranged about the same in the two species, but in D. soror 
there is a strong tendency to the union of at least one pair of spots on 
each elytron or wing cover. The pair of middle spots are most often 
confluent or united, and occasionally both the middle and the posterior 
spots unite. This is rare in the eastern species. In the latter, the 
lower surface, including a portion of the femora, is yellow. There is 
no great difference in size, but the eastern species will average a little 
larger. The antenne are almost piceous, the basal three joints are 
slightly paler, and the thorax is less transverse. The length is about 
6 millimeters. 

This species occurs from Oregon, where it is common, southward 
through California to Arizona, and perhaps extends into Mexico. 

The immature stages of this species have been described by Mr. 
R. W. Doane.* 


a@Journ. N. Y. Ent. Soc., Vol. V, pp. 15-17, 1897. 
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As nearly as can be made out without having fresh specimens of 
this species and the eastern form for comparison, there is only slight 
difference in the preparatory stages. 


HABITS AND LIFE HISTORY. 


According to the author quoted, this species is especially injurious 
to the interests of florists, the beetles eating unsightly holes in buds 
and petals of roses, chrysanthemums, and other ornamental flowers, 
feeding also on the leaves, there being an almost unrestricted range of 
food plants. Orchardists often suffer serious losses from the ravages 
of the beetles, which eat into young forming fruit and buds. 

In Doane’s experience, eggs (see fig. 23) were deposited from one- 
fourth to one-half an inch below the surface of the ground, near the 
base of the food plant, sometimes singly, but usually in numbers of 
between from twenty to fifty. Eggs 
in confinement hatched in about eight- 
een days (temperature not stated). 
Larve of various sizes were taken 
about the roots of different plants in 
March, April, and May, these obser- 
vations being presumably made at 
Palo Alto, Cal. It was noticeable 
that the larvee did not bore into the 
roots, as do our eastern species, but 
Fic. 23.—The western twelve-spotted cucum- ate the roots from the outside, some- 

pacar ag epee Snes sii times cutting young rootlets entirely 
greatly enlarged; c, d, highly magnified. in two. ‘They were found in abun- 
ee te ney EEE REE? dance feeding on the roots of sweet 
pea and alfalfa and sparingly on other plants. When the larva 
becomes full grown it approaches the surface of the ground and 
forms an oval or spherical cell, in which it remains ten or twelve days 
before transforming to the pupa. The pupal period lasted under 
observation from ten to fourteen days. Pupz were first noticed 
early in April. The periods will vary with temperature, and there 
are indications of a second generation in southern California. 


OTHER RECORDS OF INJURY. 


In 1880 mention was made of injury by this species to the fruit of 
apricot in California.© Injury to garden plants was also noted. Men- 
tion was made of great destruction to fruits and vegetables in 1890 in 
California.° The following year Mr. Koebele reported injury to 
young corn by the larve at Alameda, Cal., often three to five larve 
being observed cutting off the roots of a single plant.© <A series of 


4 Comstock: Ann. Rep. Comm. Agr. for 1879 (1880), p. 246. 
6 Koebele: Bul. 22, O.S., Div. Ent., U. S. Dept. Agr., p. 87, 1890. 
¢ Insect Life, Vol. III, p. 468, 1891. 
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articles was published on this species from 1901 to 1902 by Mr. E. J. 
Wickson.? There are also in the Bureau unpublished accounts of 
injury to orange trees, the leaves of which are skeletonized. 

Two natural enemies of this species have been observed; one, the 
tachina fly, Celatoria diabrotice Shim., also described as Celatoria 
crawit by Mr. Coquillett in 1890.’ The other is a spider, also observed 
by Mr. Coquillett, and known as Xysticus gulosus Keys.° 


THE WESTERN STRIPED CUCUMBER BEETLE. 


(Diabrotica trivittata Mann.) 


The western striped cucumber beetle (Diabrotica trivittata Mann.), 
which is very closely related to the eastern striped cucumber beetle 
(Mabrotica vittata Fab.), is common throughout the State of Cali- 
fornia and extends into Oregon, where it practically replaces the 
eastern form, although, according to records, it is not nearly so 
injurious. We have indeed few records of injurious occurrences. 
Since 1898, however, when the writer recorded injuries by this species 
to cucurbits, there have been scattered reports of injuries to this 
class of plants, all of which it attacks. It attracts much more atten- 
tion when it occurs on fruit trees, and has been accused of considerable 
injury toripening peaches and apricots. Like the eastern form, also, it 
isfound associated with aclosely related species, in this case the western 
twelve-spotted cucumber beetle just considered. From the striped 
cucumber beetle of the East it may be separated chiefly by its darker 
colors. The antennz are entirely piceous, the thorax bears two 
coalescing fover, and the legs, with the exception of the bases of the 
femora, are entirely black. 

In 1903 we received report of injury by this species to various 
plants in the neighborhood of Dehesa, Cal., and in July, 1905, to beans, 
cucumber, squash, and the silk of corn in the vicinity of Salem, Oreg. 
In this latter locality it was associated with the common Diabrotica 
soror Lec. August 11,1907, Prof. E. S. G. Titus stated that melons 
had been seriously injured for two years past in the vicinity of 
Imperial Junction, Cal. During that year and in succeeding years 
this species was found, by various agents, collaborators, and special 
correspondents who visited the sugar-beet region of the Pacific States, 
in sugar-beet fields, where, however, it was doing no serious injury. 


a Pacific Rural Press, June 30, 1900, et seq. 
6 Coquillett: Insect Life, Vol. II, p. 233, 1890. 
¢Loc. cit., p. 74, 1890. 


BIOLOGIC NOTES ON SPECIES OF DIABROTICA IN 
SOUTHERN TEXAS. 


By H. O. Marsa, 
Agent and Expert. 


INTRODUCTION. 


During the first half of the year 1909, while engaged in an investi- 
gation of insects injurious to truck crops, an opportunity was pre- 
sented to make a study of the species of leaf-beetles of the genus 
Diabrotica occurring at Brownsville, Tex., and vicinity. 

In the present paper the species considered are Diabrotica balteata, 
D. picticornis, D. vittata, and D. 12-punctata. The first two species 
are rather more abundant in Texas than elsewhere in the United 
States, this being especially true of the second. The other species 
have a more general distribution. 

T am under obligations to Mr. D. K. McMillan for the descriptions 
of the early stages of D. balteata and to the late Dr. C. F. Wheeler, of 
the Bureau of Plant Industry, for identification of the food plants 
mentioned in the text. 


OBSERVATIONS ON DIABROTICA PICTICORNIS Horn. 


The painted cucumber beetle (Diabrotica picticornis Horn) was 
extremely rare in southern Texas during the season of 1909, and only 
occasional specimens were observed, although during May and June, 
1908, Mr. McMillan noted them in abundance at Brownsville, Tex., 
eating the blossoms and foliage of cucurbits, especially that of Hub- 
bard squash. 

During 1909 the first specimen, a female, was taken March 1 on a 
Verbesina blossom. March 15 a female was taken feeding on cucum- 
ber foliage and continued in captivity until May 22, but she deposited 
no eggs. April 15, a half dozen individuals were observed on cym- 
lings. The females appeared to be well filled with eggs. Of two 
which were placed in confinement at that date, one was still living 
June 14, but neither deposited eggs. 


OBSERVATIONS ON DIABROTICA BALTEATA Lec. 


The belted cucumber beetle (Diabrotica balteata Lec.) is active dur- 
ing the entire year in southern Texas, and is by far the most injurious 
and common Diabrotica in the lower Rio Grande valley. It is almost 
omnivorous and injuries caused by it are thus widely distributed and 
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less noticeable than they would be if the species were a more dainty 
feeder. The truck growers in the valley view this species as an 
unavoidable evil and make little effort to combat it. They have no 
distinctive name for it, and it is not unusual to hear it mentioned as 
““spotted green-bug,”’ “‘tomato bug,” ‘‘pumpkin bug,” or ‘‘ladybug.”’ 


FOOD PLANTS. 


This beetle is primarily a truck crop pest and has been observed 
actually feeding on string beans, lima beans, English broad beans, 
tomatoes, potatoes, eggplant, pepper, turnip, peas, peanuts, squash, 3 
cantaloupe, cucumber, watermelon, pumpkin, okra, spinach, beets, 
lettuce, asparagus, and sweet corn. Among field crops attacked are 
corn, sorghum, alfalfa, cotton, cowpea, soy bean, and vetch, and 
Desmodium tortuosum. There is one recorded instance of its injuring 
tender fig and orange leaves and it was found feeding on the foliage 
of Sesbania aculeata and Cajanus indicus and on the blossoms of 
Dolichos atropurpureus. A favorite wild food plant is Verbesina 
encelioides. The beetles gather in great numbers on exposed tubers 
of [bervillea lindhevmert and more rarely feed on Amaranthus retro- 
flecus and A. spvnosus. They also feed on the blossoms and foliage of 
Solanum elxagnifolium and Helianthus. 


CHARACTER OF INJURY. 


Among the truck crops mentioned beans of several varieties are 
often seriously injured, many blossoms being destroyed, and some- 
times young and tender plants are entirely killed. With eggplant, 
tomatoes, and cucurbits, not only are the foliage and blossoms 
attacked, but the unopened blossom buds are eaten into and thus 
many incipient fruits are destroyed. Injury is particularly severe 
with eggplant, where many blossoms are ruined. The silk and 
unripe kernels, as well as foliage, of corn are eaten and the young 
corn plants are often badly riddled. 

The larve were found feeding on corn, sorghum, and string beans. 
In the case of corn and sorghum they feed on the larger roots and bore 
into the crown, while with beans they scrape the main stalk below the 
surface of the soil. Injury by the larve did not seem serious with 
any plants on which they were found. 


RECORDS OF OCCURRENCE, 


During the middle of January, 1909, a freeze occurred in the lower 
Rio Grande valley which killed practically all tender vegetation, except 
in sheltered spots. On January 25 a good-sized patch of Verbesina 
encelioides that had escaped freezing was thickly infested with the 
adults, which were feeding eagerly. 

About twenty nearly mature larve were found February 5 feeding 
at the roots of sorghum at Harlingen, Tex. These were placed in 
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a rearing jar and one made its cell February 11, pupated on February 
16, and the adult developed February 27. Adults continued to issue 
until March 5. 

The beetles were abundant at Brownsville, Tex., February 6, on 
string beans which they nearly defoliated. February 11, a half- 
srown larva was found feeding at the base of a string bean plant. 

Adults were observed feeding on tender fig leaves at Santa Maria, 
Tex., February 24. 

March 5 about twenty eggs were found at the base of string bean 
plants. The female beetles had evidently gone down in cracks in the 
earth as far as possible and oviposited in the loose soil from 1 inch 
to 24 inches below the surface and from 4 inch to 2 inches from the 
plant. The eggs were placed singly as a rule, but a few were in 
clusters of from two to five. No larve were observed at this date. 
The beetles were fairly common and some pairs were mating. 

Eggs were found about young sweet corn March 15, placed in the 
loose soil at the base of the plants, singly and in clusters of four or 
five. Twenty eggs were found about one small plant. 

The beetles were reported seriously injuring young pepper and 
okra at Mercedes, Tex., April 15. 

They were numerous on lima beans a week later, attacking chiefly 
the large first leaves and cutting large holes in them. It appears that 
they return repeatedly to the same leaf and eat a large area at one 
place. April 26 a nearly mature larva was found feeding on the 
roots of sweet corn. 

During May the beetles were present in moderate numbers. On the 
10th some were observed feeding on buds of tomato and on squash 
foliage. Females, with abdomens distended with eggs, were present, 
and one or two of these which were placed in confinement deposited 
eggs on the 12th. 

May 27 the adults were fairly common on alfalfa, cotton, tomatoes, 
and English broad beans. 


NOTES ON LIFE HISTORY. 


Beginning with March 1 an effort was made to work out the life 
history of this species. The record for a generation at this time 
follows: 


Life-history record of a single adult female of Diabrotica balteata confined March 1, 1909. 


March *=)pssceenee eee Female confined in rearing jar. 
Marchi3. 22. =e heer eee 37 eggs deposited. 

Mame hr l2=8* 3.02. eon 37 eggs hatched. 

April 1... :--2-:-. >=...) Pursh larves made.celle: 

LX( Oya ee a First larvee pupated. 
Aprilis.....:.:.........2 Mirstiadultsideveloped: 

Jaf O12) 4 A ia oar ae A Ea First adults issued from cells. 


April 21................... Last of adults issued, of which 24 developed. 
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From the above record the stages are as follows: 


Days 

LEVIS SUD Ce ely | BAA aA opted Meese ee Se Se ng ae a 9 
LL ETM (Ele o o Saere e R  A 26 
FPO! URS Se Le Ria a ait U8 ie ie ee ie Ee ee ee ae ital 
Pchlide, < ME Rare Pee ald es SR Be te ES 46 


The mature larve remained quiescent in the cells for 6 days before 
pupating, and the beetles were in the cells from 2 to 3 days before 
issuing. The adults begin to feed as soon as they leave the cells, 
although they are still soft and light colored for from 3 to 5 days. 
No pupz were found in nature, but in the rearing jars the larve, 
when mature, burrowed into the soil from 4 inch to 2 or 3 inches and 
formed cells by wriggling about. The larvee and pupze were very 
tender and were easily killed if handled at all roughly or if the soil 
in the cages became dry. A moderately moist condition appeared to 
be most favorable. 

Three females, which were placed in confinement during the first 
days of March, deposited respectively during one day as follows; 23, 
45, and 48 eggs. The incubation period of these eggs varied from 9 
to 11 days. One of these lots was carried through with the following 
results: 


Days 

1 He SRE toa ee Eo Et i a 9 
Be Drav NS Ie eee cee ope tS at oh ess doles Jot 2 ee Leelee 25 
Nena ERE CoN Ie eras tage Trae Ce oni ery Lae oh Ok am See tne 11 
sical ree apeh ee Mrs Me oh SCRE er heen icin si ek Eee Seid Ne 45 


On April 21, 8 adults which issued in the rearing jars between 
April 18 and April 21 were put together into one cage, with foliage of 
Verbesina, to breed. 


Record of 8 adults of Diabrotica balteata which had issued in rearing jars April 18 to 21, 
1909, and confined, April 21, in one cage with foliage of Verbesina, to breed. 


E = : 

1909. Mated. cea Died. | Escaped. 
April 24.... 0 0 1 al aoeeiomeeeee 
April 28.... 0 0 1 1 
April 30-.... 2 0 (@)G eases 
May 14.... 0 0 Decker 
May 18.... 0 0 7a (eRe cee 

Total .- 2 0 5 1 


a Taken out; see table following. 


None of the beetles deposited any eggs, nor were they observed 
mating. 
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The record for the pair which mated April 30 is as follows: 


Record of egg deposition of a single female of Diabrotica balteata, 
which mated April 30, 1909.4 


Number 

1909. of eggs. 
MayeSeen sence 39 
May 19....... 6 
May, Zee e ee 23 
May 24 coc. 14 
May 26:..-.-- 16 
Movalsees- 98 


@ May 31, male died; June 2, female died. 


This gives a total of 98 eggs from one female. The life of the 
male was 43 days and that of the female 45 days. 
The record for the 39 eggs deposited May 8 is as follows: 


Detailed record for the 39 eggs of Diabrotica balteata deposited May 8, 1909. 


Mayu Steeceeaace. a ate pe ee et 39 eges deposited. 
bu io Ie Pid Soe fete ees Gees ae 39 eges hatched. 
Ma e2 8 an si ero one ate Meee First larvee made cells. 
Mary Dupree ay ae aboes Mee hee ae First larvee pupated. 
JIM OWES: oases sce eet pie First adults developed. 
CSA a Ne ah cies SE Sok First adults issued from cells. 
ume Se saat oe eee oe cee All adults had issued. 
The stages were: 
Days. 
Uf es alc 2422 ed eh a er PS EE RESTA Penn epee etae oare A IE Noah 5 
Tarvallistages WN. 0Me sel Pere eee seek une oie rere ete eee eee 14 
Pupal stage) 82 ois he a ease Aas xem eh oe ae a et ah ea 5 
Wotalls Qc sce eid is Cate tee Saya he pt ee ee 24 


The larve of this species were confined in large jelly glasses and 
in large vials and fed with sections of sorghum cane. Of the three 
species reared (Diabrotica balteata, D. vittata, and D. 12-punctata), 
Mabrotica balteata was by far the most hardy, and this probably 
accounts for its abundance as compared with D. vittata and D. 
12-punctata. 

Records showed that one lot matured March 1, a second April 18, 
and a third June 1. Mr. McMillan found the beetles in greatest 
abundance during November and December. Judging from this and 
from the rearing records, there may be at least six generations, and 
probably one or two more each year. 

Occasional mutilated beetles were found lying on cucurbit and 
other leaves and had evidently been killed by some predaceous 
insects. Many specimens dissected during May showed no internal 
parasites. 

The temperatures at Brownsville during January, February, and 
March ranged from a minimum of 29° F. to a maximum of 95.1° F. 
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The extreme minimum of 29 degrees occurred only on one or two 
days during ‘‘northers,”’ and excepting those few days the minimum 
did not get below 40 degrees. During April and May the range was 
from a minimum of 46° F. to a maximum of 95.5° F. The average 
temperature during these five months was as follows: 


Average temperatures at Brownsville, Tex., from January to May, 1909. 


Average | Average 
1909. maxi- mini- 
mum. mum. 
wees ores 

January... -=-- 75.3 56.1 
February . - 75.7 | 55. 0 
Marches. 81.7 | 60.0 
April Beoseccss 82.5 | 65. 2 
Mayors osc: 85.0 | 70.5 


The following description of the earlier stages was prepared by 
Mr. McMillan from living material: 


DESCRIPTION. 


Egg.—Pale yellow, oval and regularly elliptical, very finely sculptured, about 0.6 
mm. long by 0.33 mm. wide. 

Newly hatched larva.—Pale yellow, head light brownish, anal segment light gray. 
Slender, with head and thoracic segments broader than rest of body, except anal 
segment, which is covered by a shield flattened and rounded at posterior margin. 
Body sparsely covered with short, colorless hairs which in length are about one-half 
diameter of body. Length, 2.25 mm.; width, 0.25 mm. 

Mature larva.—Light yellow, head and anal plate light brownish. Body slender, 
dorsal and ventral surfaces smooth, longitudinal wrinkles provided with scattered 
hairs on lateral surfaces. A few short hairs on head and anal segment. Head slightly 
longer than wide, flattened. Length, when extended, 12 mm.; width, 1.25 mm. 

Pupa.—Light yellow, concolorous. Body rather long, oval in general outline, 
abdomen tapering slightly. A few scattered hairs on head and abdomen. A pair of 
stout spines on dorsal surface of anal segment and a pair of fleshy tubercles on ventral 
surface ofsame. Length, 5 mm.; width, 2.5mm. [D. K. McMillan]. 


EXPERIMENTS WITH REMEDIES. 


Arsenate of lead appears to be an excellent remedy for this pest, 
as is shown by the following records: 

During November, 1908, Mr. McMillan sprayed one-tenth of an 
acre of tomatoes, which were being damaged by this Diabrotica, with 
arsenate of lead at the rate of 6 pounds to 100 gallons of water, and 
with pyrox, a commercial brand of combined arsenate of lead and 
Bordeaux mixture, at the rate of 8 pounds to 100 gallons. The results 
from both insecticides were very good, no differences being noted 
between them. 

February 8, 1909, a patch, about one-twentieth of an acre in 
extent, of tender-leaved string beans was being rapidly defoliated 
by this species at Brownsville, Tex. With the exception of two 
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check rows, the entire patch was sprayed by the writer with arse- 
nate of lead at the rate of 10 pounds to 100 gallons of water. This 
rather excessive strength of arsenate was used in order to determine 
its effect on the foliage, which was very tender. At the time of 
spraying the beetles were in great abundance, from one to six indi- 
viduals being present on every plant. The results of this treatment 
were checked up February 11. At that date the sprayed plants 
were almost entirely free from beetles, only an occasional specimen 
being seen on the under side of the leaves. The defoliation of the 
plant was almost completely checked, and there was no burning 
from the arsenate. The plants in the check rows were almost com- 
pletely defoliated. The beetles, however, were not nearly so numer- 
ous as they were on February 8 when the other plants were sprayed. 
This decrease in numbers was probably due to the fact that many 
beetles were killed by eating the poisoned plants in the adjoining 
rows. Unfortunately, a few days later the entire patch of beans was 
destroyed by a ‘‘norther”’ and no further observations could be made. 
On March 20 this species, in company with Diabrotica vittata, was 
injuring young cucurbits at Brownsville. Mr. H. H. Jobson had 
these plants sprayed with a combination of Bordeaux mixture and 
arsenate of lead (6 pounds arsenate of lead to 100 gallons of Bordeaux 
mixture) and later he reported good results from the treatment. 


OBSERVATIONS ON DIABROTICA VITTATA Fab. 


Next in order of importance, from an economic standpoint, is the 
striped cucumber beetle (Diabrotica vittata Fab.). This species is 
usually rare in southern Texas as compared with D. balteata and its 
injuries are confined to cucurbits. 

The first occurrence of this species in southern Texas recorded is 
for January 26, when adults were found in squash blossoms at Browns- 
ville. Occasional adults were observed during February, and on 
March 6 complaint was received from a grower near Brownsville, 
where the beetles were injuring cucumbers and melons, from one to 
five beetles being present on many plants. At this date, also, a 
similar report was received from Mercedes, Tex. 

Mr. A. M. White, of Mercedes, later reported that he completely 
controlled this species, which was seriously injuring cucurbits, by 
spraying three times with arsenate of lead at the rate of 6 pounds in 
100 gallons of water. 

The beetles were causing noticeable injury to cucurbits at Browns- 
ville March 20. The plants were sprayed, under the direction of Mr. 
H. H. Jobson, with a combination of 6 pounds arsenate of lead and 
100 gallons Bordeaux mixture with successful results. 

April 13, the writer found larve in numbers infesting squash plants 
at McAllen, Tex. Some plants were wilting and many of the roots 
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were found to have been scraped nearly bare, and in a few cases the 
larve had buried themselves in the main root. All observed were 
nearly mature. One larva made a cell April 17, pupated April 21, 
and the adult developed April 28. Other beetles developed April 30 
and May 1. 

During May beetles were observed, but no injury was noticed or 
reported. ; 

June 10 the beetles were abundant at McAllen, Tex., feeding on 
the foliage and rinds of watermelons and disfiguring some of the 
melons. The foliage in some places was badly riddled, but the crop 
was so far advanced that this caused little damage. Many beetles 
hid during the middle of the day among cabbage and Amaranthus 
leaves for protection from the sun. 

The life history of one generation of this species was worked out 
as follows: 


Record of a single female of Diabrotica vittata placed in confinement April 26, 1909. 


AG Uaoneene see io seesae 4 Elacedain-confinement. 
IE ee ot te a eee BAe win acs as) te 42 eggs deposited. 
Mca pelll feces yerape, Revetape 5 ey scent are = 42 eggs hatched. 
1 Le NER ON es First larvee made cells. 
JSS Wh A First larvee pupated. 
Mary gD see ee een nea Seo First adults developed. 
IC 6 Eee oe so, ee re First adults issued. 
dU ake vS ee ee All adults had issued. 
The stages were as follows: 
Days 
Blcpeetee tC eeee ee eee asics sae fen ator iste eMac ts oo) es « efeiare 8 
TLS SE ISU CN Re ee ee Bin See een a Ry A a 14 
Jeejgall UNC 24 es ore Sea OO a ea et ee a eee eee oe 5 
ANTE 05 tS he rsh eo Gs Cae AT TE a aN AE Pa a Sa 27 


The mature larvee were in the cells three days before pupating and 
the adults remained in the cells from one to four days before issuing. 
The first pair of these beetles mated June 4. and the first eggs, 20 in 
number, were deposited June 11. 

On May 3 another female deposited 58 eggs and the following 
record was obtained: 


Days. 

TDiner Gide Cu eens Lee ee oc ee ot ens ee eee ree ie ceca 7 
bei ctienl sire tes: pee e OPCS Le, = he ean anne Re PE Eh Ee ore 15 
Peifoa lbntace sae een a ey ete eee ci. 2 =. Se dye era en crepene oa 5 
BIR tel sere et ee eee crete cic Saal es ee eee eRe Ae 2 27 


During the first weeks of May, when this species was being reared, 
there was a period of excessive humidity. The larva were supplied 
with sections of cucumber vine as food. The humidity caused this 
food to decay very rapidly and this necessitated frequent renewal, 
and as a result many larve died and only a relatively small propor- 
tion was carried to maturity. The temperature during May, 1909, 
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as recorded at the local weather station, ranged from a minimum of 
60.9° F. to 94.4° F. 

Observation has not been carried far enough to enable the writer 
to state positively the number of generations in this region. 


OBSERVATIONS ON DIABROTICA DUODECIMPUNCTATA Oliv. 


The twelve-spotted cucumber beetle (Diabrotica duodecim punctata 
Oliv.) occurs only in small numbers in southern Texas, and no com- 
plaints of injury were received concerning it. 

On February 5 four mature larve were found feeding on the roots 
of sorghum at Harlingen, Tex. February 7 one of these made its 
cell; on the 15th it pupated, and on the 25th the adult developed. 
The other beetles developed a day or two later. 

On May 12 a female with greatly distended abdomen was placed in 
confinement and deposited eggs as follows: 


Record of egg deposition of a single female beetle of Diabrotica duodecimpunctata in con- 
finement May 12, 1909. 


Number Number 

1909. of eggs. 1909. of eggs. 
Marilee aeons (3 ll] Wey OW) oas-cosene 38 
May lGss< cee =< ZON| |e ATC Le yee eretee alan 19 
Miaiyal Ol fer acini 635) |\unel6seresaece rer 20 
Maiy242 5 one-car G74 RUINS rere ieee (2) 
May 26 8se ne cts css 55 
May 27h ree seine 110 Totaluw eens 515 


@ Beetle died. 


This gives a grand total of 515 eggs from one beetle. 
The record for the eggs which were deposited May 14 is as follows: 


Detailed record for the 68 eggs of Diabrotica duodecimpuncta'1 deposited May 14, 1909. 


Miaiyinl Ae o/c Nate aoe te eerie 68 eges deposited. 
Mio 20) seek Ae st coker ete oe ety 68 eggs hatched. 
Mary soi 2 cyte 2 ele em Cane cree First larvee made cells. 
EIN G Are eere cepee e eeren eer First larvee pupated. 
ane s1'Q one Petes aes ne eaten First adults developed. 
Jum ey 2h erties ete ee ieee First adults issued from cells. 
June sae Se Care eine All adults had issued. 
The stages were as follows: 
Days. 
Hep stapes: 1... U2 ee oe sae See eee ee ee oe ee ere eee 6 
Larval stage. 3 252 n2 sei eee oS Ee ee Sra ee renee 15 
Pupal ‘stage’ 202.2552 ee ee ec a ent tate ee ee rere 6 
Totalecicic. ccig tn Ree Se Slee oe ee es Ses eer ee 27 


This species proved very hard to rear and only a small proportion 
of the larvee reached the pupal stage. The larve were placed in large 
jelly glasses and fed on sorghum cane. 


USS: D-A., B. BE. Bulk 82, Part VII. Issued February 18, 1911. 
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NOTES ON VARIOUS TRUCK-CROP INSECTS. 


By F. H. Cuirrenpen, Sc. D. 
In Charge of Truck Crop and Stored Product Insect Investigations. 


ON THE NATURAL ENEMIES OF THE COLORADO POTATO BEETLE. 


SOME INSECT ENEMIES OF THE POTATO BEETLE. 


Few, if any, noxious insects have so many recorded natural enemies 
as the Colorado potato beetle (Leptinotarsa decemlineata Say). A 
list of these has been recently compiled by the writer.¢ A few species 
not previously recorded have since been reported by special corre- 
spondents and agents of this office, and these will be mentioned here. 


PTEROSTICHUS LUCUBLANDUS Say. 


July 3, 1908, Mr. J. Byron Roney, Plainville, Mass., sent specimens 
of the ground beetle Pterostichus lucublandus Say and reported that 
it was found on that date busily engaged in devouring the grubs of 
the Colorado potato beetle. Although this is an extremely common 
insect, one of the best known of the Carabide, it has not hereto- 
fore, to the writer’s knowledge, been recorded as an enemy of the 
potato beetle. 


APATETICUS (PODISUS) MARGINIVENTRIS SAY. 


Apateticus (Podisus) margimwentris Say, which closely resembles 
the spined soldier-bug (P. maculiventris Say), a well-known enemy 
of the Colorado potato beetle and other injurious insects, was ob- 
served attacking the larve of this potato beetle by Mr. H. O. Marsh, 
Chester, N. J., in August, 1908. 


PERILLOIDES (PERILLUS) BIOCULATUS Fas. 


Perilloides (Perillus) bioculatus Fab., a pentatomid bug, as is the 
preceding species, was reported by Mr. D. H. Shannon, Appleton, 
Wis., as having been noted killmg the Colorado potato beetle in 
August, 1908. Two bugs were noticed attacking a mature beetle. 
They held it by the head and refused to relinquish their prey when 
the beetle was pulled off from the potato stalk on which it was feeding. 


@ Cir. 87, Bur. Ent., U.S. Dept. Agr., pp. 10-12, June 3, 1907. 
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EUTHYRHYNCHUS FLORIDANUS L. 


July 7, 1909, Mr. Fred. A. Eigenman, Abbeville, S. C., sent speci- 
mens of Huthyrhynchus floridanus L., which he had found that morn- 
ing on eggplant. When discovered the insect was attacking the 
larva of the Colorado potato beetle. As this was a new observation 
to Mr. Eigenman, he promptly apprised this office of the fact. This 
species is not uncommon in the Southern States, and specimens 
have been frequently received for determination, with notes on 
habits, from South Carolina, Florida, and Georgia. 

It is highly probable that the species is beneficial, although there is 
a possibility that it may feed also on plant juices exceptionally, 
as is known to be the case with some related forms. 

In looking over the files of the Bureau it is found that this species 
was reported from Lanford, Laurens 
County, S. C., June 24, 1887, by Mr. 
Y. N. Lanford, who stated that he 
found the insect to be a bee destroyer. 
While sweeping off webs and other 
refuse from a bee bench and ‘“‘gums”’ 
(colloquial for box hives), he noticed 
one of these bugs with its beak in- 
serted into the abdomen of a honey 
bee, just above the sting. He did 
not know, however, to what extent 
the insect attacks the bees. During 
1901 Mr. H. Walter McWilliams, 
Griffin, Ga., sent specimens with a 
letter dated October 28, stating that 
the species occurred in some numbers 
on catnip. 

Fig. 24.—Euthyrhynchus floridanus, an enemy During 1907-8 Mr. 188 M. Russell 
of the Colorado potato beetle. Enlarged. observed this bug attacking the green 
(Original. ) plant-bug (Nezara hilaris Say) on 

egeplant at Dade City, Fla., and the black walnut caterpillar (Datana 

integerrima G. and R.) on pecan at Orlando, Fla. 

This species is a tropical form and is recorded as occurring also at 
New Orleans, La., in Mexico, and Central America generally, as well 
as in Venezuela, Colombia, and Brazil. A full bibliography was fur- 
nished in 1880 by W. L. Distant.’ It has many synonyms, which is 
to be accounted for by its wide distribution and variability. The 
mature bug measures between one-half and three-fourths of an inch 
in length. The usual color is green above, spotted with red, the 
spots being arranged more or less as shown in the accompanying 
illustration (fig. 24). Individuals occur also without red markings, 


4 Mention of this bug attacking the honey bee is given in Insect Life, Vol. I, p. 88, 
Sept., 1888. 
b Biologia Centrali-Americana, Hemiptera-Heteroptera, Vol. I, pp. 41-42, Oct., 1880. 
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some bear a single spot at the apex of the scutellum, while a common 
form has one apical and two basal scutellar red spots. A large por- 
tion of the lower surface is reddish yellow. The rostrum or beak is 
about half the length of the entire body. 

Mr. Thomas Belt, in his publication? referring to this bug as Pen- 
tatoma punicea, states that on two occasions he found it sucking the 
juices from dead individuals of a “bright green rose chafer.’’ Since 
the beetle was twice the size and weight of the bug, very active and 
taking wing quickly, he concluded, quite correctly, that ‘‘the only 
way in which the latter could have been overcome was by the bug 
creeping up and quietly introducing the point of its sharp proboscis 
between the rings of its body when the beetle was sleeping, and 
injecting some stupefying poison.”’ In both instances the bug was 
on a leaf of a shrub with the bulky beetle hanging over suspended on 
the bug’s proboscis. 


SOME WILD BIRD ENEMIES OF THE POTATO BEETLE. 


As the list of wild birds known to feed on the Colorado potato 
beetle furnished in Circular No. 87 is not quite complete, the fol- 
lowing note from a list compiled by Mr. W. L. McAtee, and published 
in 1908, is of interest. 

Speaking of the food habits of the grosbeaks, Mr. McAtee says:? 
“Tt should be noted also that several other birds, including the bob- 
white, prairie chicken, sharp-tailed and ruffed grouse, red-tailed 
hawk, nighthawk, cuckoo, crow, English sparrow, cardinal, scarlet 
tanager, wood, hermit, and olive-backed thrushes, and robin, eat 
potato beetles occasionally.” 

June 20, 1910, Mr. B. A. Reynolds, of this Bureau, noticed a bird, 
which he identifies as the chipping sparrow, apparently capturing 
larve of the Colorado potato beetle on potato plants in his garden 
at Kast Riverdale, Md. When observed it was flitting or hopping 
along the ground, attacking the “slugs” from the stalk of the potato 
plants, taking as many as four or five from one plant and then pro- 
ceeding to the next in the row. Later the bird crossed at different 
times to other parallel rows, repeating the operation. No other 
bird common in this vicinity is known to have this habit of running 
from row to row in garden patches as described, and although this 
bird is becoming common, as it was at the time of the introduction 
of the English sparrow, it has not been reported, to the writer’s 
knowledge, as attacking the Colorado potato beetle in any form. 


@The Naturalist in Nicaragua, ed. 2, rev., 1888, p. 127. 
6 Bul. 32, Bur. Biol. Surv., U.S. Dept. of Agr., p. 47, 1908. 
¢Mr. Reynolds also reported that Mr. B. C. Wheeler of the same place had a white 
rock pullet, an incubator chick, which developed the habit of feeding on this 
fol ai Tegeae 
66513°—Bull. 82—12——7 
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GUINEA FOWLS AS DESTROYERS OF THE POTATO BEETLE. 


The efficiency of the guinea fowl in destroying the Colorado potato 
beetle does not appear to have received much mention in available 
literature. Two special correspondents of this office have written 
the writer on this topic, one of them recently, and their experience 
is well worth publishing. 

June 1, 1907, Mr. F. W. Speegle, Bremen, Cullman County, Ala., 
wrote that about 25 years ago the potato “bugs” made their appear- 
ance in his county and increased until they were so numerous 
that it was a hard fight to raise potatoes at all. Having learned 
that the guinea fowl would eat the beetles, he at once began to 
raise the fowls. In the spring of 1905, when the beetles appeared, 
the guineas were induced to enter the potato patch by strewing 
corn about the vines. After eating the corn the fowls consumed 
the beetles, apparently with great relish, and less than a week later 
not a ‘‘bug”’ could be found on the potato tops. A good crop was 
made, which was also clean of scab. He had the same experience in 
1906, and since then had not seen a potato beetle in his potato fields 
and only a few on his entire farm. A few occurred out of the range 
of his guineas on what he terms ‘‘tread-soft” (probably a Solanum), 
which seems to be the principal diet of the bugs, excepting the 
potato. His neighbors who had no guinea fowls had as much trouble 
with the potato beetles as he did before he obtained the guineas. 

Writing on the same topic Dr. George Vanden, Gallipolis, Ohio, 
stated in a letter received May 1, 1909, that many years ago when 
the Colorado potato beetle was very bad and when he and his neigh- 
bors had potatoes in adjoining patches, the neighbors “‘bugged”’ 
faithfully, but the bugs ‘‘ multiplied and replenished,” and the patch 
was very ragged, while his own vines were fine and flourishing, 
although no remedies had been applied. He soon found that the good 
condition of his own vines was due to his flock of between 20 and 30 
full-grown guinea fowls that patrolled the patch and converted the 
“bugs” from a nuisance into ‘‘good guinea feed.” He expressed 
himself as believing that this combination of raising potatoes and 
guinea fowls would not only be feasible, but to the mutual advantage 
of the potatoes and the guineas; at least it worked satisfactorily in 
his case. 

It is to be hoped that correspondents who are troubled with potato 
beetles will make tests of the efficiency of the guinea fowl as a destroyer 
of this and other garden pests. 


NOTES ON THE POTATO STALK WEEVIL. 


Since the publication of a comprehensive article on the potato 
stalk weevil (Trichobaris trinotata Say) in 1902% a few data have 


aBul. 33, Bur. Ent. U. 8S. Dept. Agr., pp. 9-18, 1902. 
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accumulated in regard to the habits of this insect which are worthy 
of record. 

During 1907 Mr. F. D. Hopkins, while engaged in the Bureau of 
Plant Industry, collected some infested stems of cultivated Physalis 
- of an unknown species, supposed to be a hybrid, grown at the Arling- 
ton Experimental Farm, at Rosslyn, Va. The stems submitted to the 
writer, October 30, contained at that late date one larva and three 
pupe. Mr. Hopkins had noticed for some time a peculiar injury — 
the breaking of many stalks fully three-fourths of an inch thick—and 
attributed it, with good reason, to the inroads of the larva of this 
weevil. The complete rupture of the stalks was brought about by 
severe winds which were encountered on three different days in October. 
This is apparently the first record of injury by this species in the 
vicinity of the District of Columbia. It also shows that the insect can 
be much later in maturing than is generally supposed, the larve and 
pup being found much later than is usual. The first adult from this 
lot did not develop until November 25. The pupe obtained wintered 
over as such but died during a very severe and unseasonable hot spell, 
when the insectary was not properly screened, in the latter days of 
March. Normally, they would not have developed for a month or 
two later. It has been quite generally stated by all writers on this 
species, as has been said in the article quoted, that all beetles mature 
by September and that hibernation is therefore always as a beetle, the 
knowledge of this fact being of great value in the control of the 
species. 

During July, 1908, Hon. John H. Rothermel wrote of injury by 
this species in the vicinity of Reading, Pa., stating that it was eating 
into potato stalks and killing them. The same month Mr. Walter W. 
Jacobs complained that the potato crop in Delaware County, Pa., 
_ was infested with this species, which he accurately described working 
in the center of the stalk, eating its way from the roots upward. 

In an earlier year Mr. F. C. Pratt observed this species attacking 
eggplant at Four-Mile Run, Virginia, about 30 per cent of a field 
being found injured by July 29. His notes are as follows: 

The larva was iound in one plant examined and plants averaging 2 feet high were 
affected, some bearing fruit. After they were attacked the plants withered away and 
died. The owner of the truck farm stated that for three years his eggplant had died 
in the same manner and he had attributed the loss to the soil, the plants being grown 
at that time on low ground thought to be ‘‘sour.’’ Each year he changed the location, 
‘but the same conditions had prevailed. 

A cocoon of a parasite was observed at that time in the burrows 
of the insect in eggplant and later the chalcidid parasite Ewrytoma 
tylodermatis Ashm. was reared from stems of Solanum carolinense 
infested by this species and collected by the writer in the District 
of Columbia. 
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MAGGOTS AFFECTING YAMS IN THE SOUTH. 


Comparatively little attention has been paid to the insect enemies 
of sweet potato and yams in America. An exception is the sweet- 
potato borer or weevil (Cylas formicarius Fab.) which has been ably 
treated by Mr. A. F. Conradi in a recent publication % of the Texas 
Agricultural Experiment Station. Short accounts of other species, 
including the tortoise beetles, have been prepared by Riley, Sander- 
son, and others. The species which will be mentioned in the present 
article are apparently new as sweet potato pests. : 

March 11, 1908, Mr. P. J. Wester sent from Nassau, British West 
Indies, a yam, Dioscorea alata, badly affected with maggots. When 
received, owing to the long journey, leading to the destruction of 
many specimens, comparatively few larve remained. An examina- 
tion showed that these were of three species, all pale yellow at the 
time of receipt. Some pupz were also present. The specimens 
reared were identified by Mr. D. W. Coquillett and are as follows: 

Lonchxa longicornis Will.—The flies of this species issued from 
March 13 to April 10. This is an ortalid and bears some resemblance 
to the better known L. polita Say. The head is dark brown, the 
thorax dark blue, and the wings are only slightly iridescent. In 
polita the head is a lighter brown, the thorax more distinctly blue, 
and the wings more strongly iridescent. 

Euzesta nitidwentris Loew.—The adults issued from March 31 to 
April 3. This species is of about the same size as the preceding and 
resembles our commoner E. notata Wied. Superficially it differs by 
being duller colored, the thorax being feebly metallic blue and the 
wings not so strongly marked with black on the margin. This 
species has been reared from the ears of sweet corn at Brownsville, 
Tex., by Messrs. D. K. McMillan and H. O. Marsh in December, 1908, 
and in January, 1909. The pup were noticed in abundance in 
husks and silk. In one case the larve and pup were taken in 
moderate numbers in decaying immature corn ears which had been 
injured by the well-known bollworm or corn ear-worm. 

Euzesta thomex Loew.—The adult of this species issued April 2. 
It is of about the same size or a little larger than the preceding, but 
marked much like Chxtopsis eznea Wied. This species was also 
reared from the ears of injured corn collected by Messrs. McMillan 
and Marsh at Brownsville, Tex., December 29, 1908, adults issuing 
en route January 4 and later. Puparia were found in abundance in 
the husks and silk. It was associated with the smaller Ch. xnea. 

From what we know of related species the probabilities are that 
these three flies live in their larval or maggot stage chiefly on decom- 
posing vegetation but they are all three capable of injuring growing 


2 Bul. 93, Texas Agr. Exp. Sta., pp. 1-16, 1907. 
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plants. In the case above cited they were quite obviously injurious 
to the yam tuber, but the extent of the injury was not reported. 

Of the three species above mentioned EH. nitidiventris occurs in 
Texas and Florida; the other two are apparently not recorded from 
the United States. 


NOTES ON THE FEEDING HABITS OF BLISTER BEETLES. 


Entomologists have had occasion to notice, in the case of certain 
forms of insects, and more especially of gregarious caterpillars, that 
when once a colony begins feeding on a certain form of plant or other 
food, a special taste or fondness is developed by that colony and the 
insects continue on the same material, in the case of caterpillars, at 
least until about the last stage is reached. The same is observable 
in the case of leafhoppers, which frequently leave the plant on which 
they have fed during their first stages of growth and fly to another 
plant in the later stages. This habit is strongly developed in insects 
which are omnivorous as well as gregarious, e. g., in blister beetles. 

The margined blister beetle (Hpicauta marginata Fab.) has been 
repeatedly observed by the writer feeding on beets, literally in 
“flocks.”” The beetles begin at some point on a row or two and 
continue along those rows unless interrupted. When they are more 
abundant several colonies will frequently strip many rows until 
entire plantings are destroyed. Not until this is accomplished do 
they turn to some other food plant. Beet appears to be a preferred 
food plant of this species when it is available. On one occasion the 
writer observed this species attacking a row of cabbages contiguous 
to a row of beets. The beetles continued along this row, evidently 
“following the leader’’ like sheep. It is the same with weeds when 
these are attacked. On another occasion the beetles of this species 
were observed feeding on lamb’s-quarters—not a favorite food—and 
the flock continued on this plant until it left the neighborhood. 

The striped blister beetle (Hpicauta vittata Fab.) was seen in the 
same manner eating the rough pigweed (Amaranthus retroflexus), 
which the beetles almost completely defoliated, leaving nothing but 
the bare stems, and scarcely touching other plants occurring in their 
line of march. 

On such occasions the result is very much the same as though an 
“‘army’’ of army worms had devastated the tract attacked. The 
army worm supposedly assimilates a large portion of the actual food 
material which it consumes and which it requires for completing its 
growth. The blister beetles are already mature and judging from 
the large amount of excrement which they leave in their wake, con- 
sume many times as much as they actually require for sustenance. 

While it was the purpose of this note merely to mention the some- 
what peculiar habits of our eastern blister beetles, occasion is taken 
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to add some additional observations. During a trip at Norfolk, 
Va., in September, 1910, the writer’s attention was directed to consid- 
erable injury to garden beets and chards. A majority of the insects 
had disappeared after largely defoliating the plants, but enough 
remained for an experiment to determine the direction which would 
be taken by the blister beetles when disturbed, as this has a practical 
bearing on the driving system practiced so successfully in the Middle 
West. The margined blister beetle and the black blister beetle 
(EF. pennsylvanica DeG.) were present. As many as possible of the 
beetles were dislodged from the plants, and they were not dislodged 
at this time with ease, and all thus disturbed, with the exception 
of one which “played possum,” walked away with the wind, as was 
expected. 

Great numbers of the black blister beetle, and small numbers of 
the sweet-potato blister beetle (4. trichrus Pall.), were observed on 
asters and related plants at Norfolk. From these high plants it was 
found an easy matter to dislodge the insects, by means of pineswitches, 
into a milk pail containing about half an inch of water and a few 
drops of kerosene. With a large milk pail and several operators, 
including children, who readily take to such work, a considerable 
territory could be covered in a very short time and the blister beetles 
destroyed before they have time to injure the flowers. 


NOTES ON BEAN AND PEA WEEVILS. 


The family name Lariide has been adopted by European system- 
atists for the Bruchide, having been proposed originally by J. 
Schilsky in 1905. The genus Bruchus of Linnzus, as considered by 
American coleopterists, is therefore subdivided into other genera. 
The following notes, including the European nomenclature, are 
made for the benefit of economic workers: 

Laria rufimana Boh.—The broad-bean weevil. 
Bruchus rufimanus Boh., Schoenherr, Vol. I, p. 58, 1833. 


This species, called also the European bean weevil, has recently been introduced 
at San Luis Obispo, Cal., from which locality the writer received, through the kind- 
ness of Mr. I. J. Condit, collaborator, of this Bureau, specimens reared from the seeds 
of broad bean grown there. 


Laria pisorum L.—The pea weevil. 
Bruchus pisorum L., Syst. Nat., 10th Ed., p. 356, 1758. 
B. pisi L., Syst. Nat., 12th Ed., p. 604, 1767. 
Laria lentis Froelich.—The lentil weevil. 
Bruchus lentis Froel., Der Naturforcher, pp. 57, 58, 1799. 
The lentil weevil appears to be restricted to the lentil for food. It is well distributed 
in Europe and is often brought to this country, usually dead or dying, but has not 
been introduced here to the writer’s knowledge. 
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Bruchidius trifolii Motsch. 
Bruchus trifolii Motsch., Bul. Soc. Nat. Moscou, p. 235, 1873. 
A very small species frequently received in this country from Egypt in seeds of Tri- 
folium alexandrinum, not known to be established in America, but a dangerous species 
if introduced with its food plant. 


Acanthoscelides obtectus Say.—The common bean weevil. 
Bruchus obtectus Say, Descr. N. A. Curcul., p. 1, 1831. 
Bruchus irresectus Fahr., Schoenherr, Vol. V, 1839. 


Pachymerus chinensis L.—The cowpea weevil. 
Bruchus chinensis L., Syst. Nat., 10th Ed., p. 386, 1758. 
B. scutellaris Fab., Ent. Syst., Vol. I, 2, p. 372, 1792. 


Pachymerus quadrimaculatus Fab.—The four-spotted bean weevil. 
Bruchus quadrimaculatus Fab., Ent. Syst., Vol. I, 2, p. 371, 1792. 


[LN DE. 
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SOME INSECTS INJURIOUS TO TRUCK CROPS. 


THE COLORADO POTATO BEETLE IN VIRGINIA IN 1908. 


By C. H. Popenoe,’ Agent and Expe*t. 
[In cooperation with the Virginia Truck Experiment Station. | 
INTRODUCTION. 


The tidewater region of Virginia, which comprises Norfolk, Princess 
Anne, Nansemond, and Isle of Wight counties on the western and 
southern, and Northampton and Accomac counties on the eastern 
shore of the Chesapeake Bay, is probably the greatest center for the 
production of early potatoes in the eastern United States. The 
value of the potato crop shipped from these counties approaches 
$6,000,000 annually. Two crops are raised over a small portion of 
this area, while over the greater part, including the counties of Nor- 
folk and Princess Anne, only a single planting is made, the potatoes 
being planted during the latter part of February and the first of 
March, and the crop of new potatoes being harvested in June. As 
this crop is not carried through to maturity, new potatoes being the 
desired product, the action of the late blight isnot apparent until the 
crop is ready to harvest and is, therefore, given little consideration as 
a pest. As the early blight does little injury to the plants, the 
Colorado potato beetle (Leptinotarsa decemlineata Say) becomes the 
worst drawback to the culture of the potato in this locality. The 
long growing season and the inefficient methods employed for the 
control of this insect pest afford it an unusual opportunity for injury 
over a wide area. In only a few cases are effective methods of 
application practiced, and for this reason demonstration and experi- 
mental work have been thought advisable for the locality. 


STATUS OF THE POTATO BEETLE IN VIRGINIA. 


Owing to the employment of negro labor and the scarcity of capable 
white help the methods for the control of the potato beetle over this 
area are necessarily crude. While the insects are in hibernation no 
effort is made for their destruction, the first attempt to control the 
species being the hand picking of hibernated beetles from the vines 
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by negro children. Afterwards the vines are dusted with land 
plaster and Paris green, applied by shaking a burlap sack, filled with 
the mixture, over the plants which seem to be the worst affected. 
As a result of the imperfect application of the arsenical the crop is 
only partially freed from the insects and, as the application is never 
made until the injury of the first generation or brood of larvee becomes 
very apparent, the vines are not entirely free from the injurious 
effects of untimely defoliation. In many places, also, the plants are 
seriously checked through the injury caused by the beetles, which 
entirely defoliate the young shoots as they are coming through the 
earth, in many cases eating them off level with the ground or below 
the surface. Seed potatoes which remain partially above ground are 
also rapidly devoured by the beetles. 

After the larvee or young commence to appear, the plants showing 
the greatest injury are treated with the dust, this application usually 
being held sufficient for some time. The land-plaster application is 
from three to four times as expensive as a Paris-green spray of equal 
strength, and in several cases in the Norfolk region the application of 
the unnecessary plaster to the already acid soil has produced a state 
of disease in the cabbage crop following the potatoes which has 
lessened the production to a considerable degree. In the case of a 
spray this acidity is not imparted to the soil and injury to cabbage is 
thus avoided. 

In that part of Virginia immediately adjacent to the District of 
Columbia the growing of potatoes is less important commercially 
than in the Norfolk region, and while the beetle is a serious pest 
always, the smaller acreage of potatoes grown renders the control of 
the insect much more easily accomplished. 


LIFE HISTORY AND HABITS. 


In general, the life history of the Colorado potato beetle in Vir- 
ginia agrees with the description already published by Doctor Chit- 
tenden.* In specimens reared in confinement in the insectary at 
Washington and in outdoor cages at Norfolk in 1908, three genera- 
tions or broods were reared during the summer, and very young larvee 
have been seen on tomato at Norfolk as late as the latter part of 
August and the 1st of September. The period of xstivation which 
generally follows the second generation in this species was shortened 
to four days in the beetles which were carried through the stages at 
Norfolk. These beetles issued from eggs collected from the first 
generation May 26. The larve pupated June 20 and issued as adults 
June 28. After feeding until July 3 the beetles burrowed into the 
soil, forming cells, where they remained for a period of four days, 


a Cir. No. 87, Bur. Ent., U. S. Dept. Agr., 1907. 
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FIG. 1.—THE COLORADO POTATO BEETLE (LEPTINOTARSA DECEMLINEATA) ATTACKING SEED 
POTATO IN GROUND, CHURCHLAND, VA. (ORIGINAL.) 


Fia. 2.—YOUNG POTATO PLANT DEFOLIATED BY COLORADO POTATO BEETLES. 


Twenty beetles sometimes on plants this size. Nearly natural size. (Original.) 
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coming after this time to the surface, where the third generation of 
eggs was deposited three days later. Owing to a scarcity of proper 
food at this time this third generation was not well cared for, and as 
only three mutilated specimens reached maturity the experiment 
was closed. This record, however, verified the existence of a third 
generation, concerning which there has been some doubt. 

The beetles issue from hibernation in the soil, where they pass the 
winter in the adult stage, some time during the first two weeks of 
April, as the earliest potato plants begin to appear above the soil, 
and begin to feed upon these young shoots before producing eggs, 
which, however, are soon deposited. In many cases from six to 
twelve beetles may be seen on a single plant, which is likely to be 
completely defoliated if not entirely destroyed. As many as 20 
beetles are sometimes seen on a single shoot, and where they occur 
in such numbers the plant is very apt to be eaten off close to the 
ground if, indeed, the beetles do not follow the stem into the earth. 
It is at this time that the attack of the adults is most severe and the 
plant is greatly weakened by such injury. (See PI. J.) 

After the plants reach a considerable size the damage done by the 
larvee becomes most apparent, large plants being defoliated. At 
this time the poison is usually applied to the plants showing the 
greatest Injury and a majority of the larve are destroyed. 

The beetles which pass through the winter are usually those of the 
third generation. These seem to do very little injury to the second 
crop of potatoes, which is generally quite free from damage and 
rarely needs treatment for insect attack. It would thus appear that 
the beetles coming from this generation hibernate after the first crop 
with but few exceptions and remain in hibernation until the following 
year. <A few of the beetles may be seen occasionally upon second- 
crop and volunteer potatoes, but no eggs are deposited, the entire 
injury being accomplished by the adults. Unquestionably many of 
these perish during the long period of hibernation and, on warm 
spring days with an offshore wind, great numbers of the hibernated 
individuals are blown or carried out to sea, where they perish, the 
beach after such a time being frequently covered with windrows of 
the dead beetles.¢ Notwithstanding these facts, a sufficient number 
survives to make the insect the pest that it is, although the destruction 
in this manner must serve as a temporary check to ee increase 


of the species. 
INSECT ENEMIES. 


The insect enemies of the potato beetle were very little in evidence 
in tidewater Virginia during the season of 1908. Podisus maculi- 
ventris Say was noted and the usual tachinid parasitization was 


a This statement is substantiated by similar observations by Dr. A. D. Hopkins 
and Mr. E. A. Schwarz, of the Bureau of Entomology. 
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present, but at a very low figure, eggs being seen on only 3 to 4 per 
cent of the larva. UHarpaline ground-beetles were abundant and 
Lebia grandis Hentz was undoubtedly a factor in keeping down the 
great increase of the potato beetle. 


REMEDIES. 


With regard to remedies, a considerable number of experiments 
was performed with a view to discovering the cheapest and most 
effective insecticide for controlling the potato beetle. Several plats, 
consisting of one-tenth of an acre each, were prepared for testing the 
effects of the poisons on the plants and on the larve. An insight 
into the methods of research by which the results were obtained may 
‘be of value to the investigator, and a somewhat detailed account of 
the experiments with insecticides is given. 


EXPERIMENTS WITH INSECTICIDES. 


A plat of about 14 acres was selected early in the season and planted 
to potatoes, a single variety being used. The plat was divided into 
rows of such a length as to contain one-fortieth of an acre, four of these 
rows constituting a test plat of one-tenth of an acre. The plat was 
allowed to become thoroughly infested by beetles and larve in several 
stages. The various plats were then numbered and treated with the 
different insecticides. The fertilizer treatment was the same in all 
cases, and as the ground on which the potatoes were planted was 
new, the yield could not have been affected by a residue of fertilizer 
remaining in the soil from the previous year. The poisons were 
applied with a knapsack sprayer. . 

Experiment No. 1.—One-half pound white arsenic and 2 pounds sal 
soda were boiled together in one-half gallon of water until dissolved. 
The mixture was used in the proportion of 1 pound of arsenic to 50 
gallons of water, with the addition of 6 pounds of lime per 50 gallons 
of solution, and was applied about 10 a. m. 

Twenty-four hours after spraying,.the plat was examined and no 
living beetles or larvee could be found. At this time no damage to the 
foliage was apparent as a result of the arsenic, but two days later the 
potatoes showed extensive burning and scalding. The foliage was 
almost entirely killed by this application, ae some time was required . 
for the plants’ recovery. 

Arsenic in this form is a very cheap insecticide but, on account of 
its effect on the plants, could not be used, although extremely 
effective in destroying the leaf-feeding insects. 

Experiment No. 2.—Commercial arsenate of lead was applied with 
Bordeaux mixture. Five pounds arsenate of lead paste with 4 pounds 
of copper sulphate and 6 pounds fresh lime were used in 50 gallons of 
water. The day was bright and clear with a southwest wind and a 
temperature of 85° F. 
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Examination the following day showed no living larve present on 
the vines. A small number of dead larve still clung to the stems in 
some places. No injury to the foliage was seen nor did any afterwards 
appear. 

Experiment No. 3.—Arsenate of lead was applied at the rate of 6 
pounds to 50 gallons of water. The day was bright, with a tempera- 
ture of 87° F. and a southwest breeze. 

An application of this strength resulted in destroying 85 to 90 per 
-cent of the larve in twenty-four hours, and all of the larve in forty- 
eight hours. No injury as a result of the poison was seen at this time 
or later. . 

Expervment No. 4.—For this plat, Paris green without lime was used 
at the rate of 4 pounds to 50 gallons of water. The weather was as 
in Experiment No. 3. 

Twenty-four hours later the mortality of the larve had reached 80 
to 85 per cent. The remainder of the larve were in a dying condition 
and no damage to the vines was noted at this time as a result of the 
arsenic. By the next day, however, some traces of burning were to 
be seen although not of a serious nature. The larve were by this 
time thoroughly exterminated on the plat. 

Expervment No. 5.—This plat was sprayed with a Paris-green mix- 
ture, consisting of 3 pounds of Paris green with Bordeaux mixture, 
composed of 4 pounds copper sulphate, 6 pounds of lime, and 50 gal- 
lons of water. The day was bright, with a temperature of 85° F. The 
mixture was applied thoroughly and remained on the leaves well. 

An examination of the plants forty-eight hours after treatment 
showed no injury to the leaves of the potatoes, while the larve had 
succumbed to the poison, the vines being completely cleared. 

Experiment No. 6.—This plat was treated with a mixture of Paris 
green and land plaster at the rate of 1 pound of Paris green to 50 
pounds of plaster, the mixture being put in a coarse burlap bag and 
sifted over the plants by a negro laborer in the usual plantation 
manner, the amount of dust used being at the rate of 320 pounds per 
acre. The wind prevailing at the time carried a large part of the dust 
from the plat as it was applied, but the portion remaining was suff- 
cient to thoroughly destroy the larve by forty-eight hours afterwards. 

This mixture killed 90 per cent of the larve during the first twenty- 
four hours, and is very effective in controlling the potato beetle. 

Experiment No. 7.—To this plat Paris green powder was applied, 
mixed with lime at the rate of 1 pound Paris green to 10 pounds 
sifted air-slaked lime. The mixture was applied with a powder 
bellows early in the morning and the application was at the rate of 30 
pounds per acre. 

Twenty-four hours later all of the larve had been destroyed. 
Extermination was complete, with no injury to the foliage. This 
mixture seems superior to the plaster mixture used in experiment 
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No.6. The application was much more thorough, although barely 10 
per cent of the amount of mixture used in the previous experiment 
was applied. This would greatly lessen the quantity of the acid- 
producing material, the use of lime as a base for the powdered arsenic 
tending to correct any acidity in the soil instead of increasing the acid 
content. Moreover, the cost of this application is much less, as it 
can be applied at a cost of about $1.20 per acre, while the cost of the 
usual mixture is about $4.20 per acre. The efficiency of the mixtures 
is about equal in either case. 

Experiment No. &—TIn this plat arsenite of copper was applied at 
the rate of 4 pounds to 50 gallons of water. The poison was applied 
without lime. The weather was bright and warm with a northeast 
wind. 

This poison proved equally effective with Paris green used in the 
same quantity but differed in that no damage to the foliage was noted 
as a result of the application. The larvee were entirely destroyed. 

Experiment No. 9.—Arsenite of copper, 4 pounds, to 6 pounds of — 
lime in solution with 50 gallons of water was sprayed on this plat. 
This application was quite effective and at no time produced burning 
of foliage as an after-effect of the arsenic. 

The check plat was severely defohated by the beetles and larve 
and was undoubtedly injured by the neglect of spraying. The yield 
of potatoes from this plat was considerably less than that of the 
properly sprayed plats. 


SUMMARY OF EXPERIMENTS. 


The following table will show the results of experiments with vari- 
ous Insecticides: 


nr | 
os | 
Oa| Date. Insecticide used. | Effect on plant. Effect on insect. Remarks. 
3 BI | 
Z A) 
1 | May 26 | Arsenite of lime.....-.-- Badly burned..| Entirely destroyed in | Damage to plants too 
24 hours. | great to permit its 
use, although cheap- 
| est preparation of 
7 | those employed. 
2| May 27 | Arsenate of lead with | None..........- Entirely destroyed in Excellent yield from 
-| Bordeaux mixture. 48 hours. plat so treated. 
3 | May 26 | Arsenate oflead...-....'..--- do..........| All killed in 48 hours..| Applied at rate of 6 
pounds to 50 gallons 
: water. 
4 | May 26) Paris green without Slight burning.) Very effective........- 4 pounds to 50 gallons 
lime. | water. 
5 | May 27 | Paris green with Bor- '..--. GOR Ae ee Oka 2a eee 3 pounds Paris green to 
deaux mixture. | 46-50 Bordeaux 
\ mixture. 
6 | May 26 | Paris green dust with |...-.- dol 25-5 | Saete @OPs- en Seae- sees 4 pounds Paris green to 
| land plaster. | ton land plaster. 
7 | May 27 | Paris green dust with |..-.- Gow ste esse | 98 per cent destroyed..| 1 pound Paris green to 
lime. | 10 pounds air-slaked 
| lime. 
8 | June 17 | Arsenite of copper.....|...-- dos<...22- -|Viery.eliectiversaesesce 4 pounds arsenite of 


| copper to 50 galions 
| water without lime. 
9 | June 14 | Arsenite ofcopper with | 


Sone Oi. 55-.02-2)-n-. 2002-5. oka eee |) 4) pounds sarseniiogor 
lime. copper with 6 pounds 
lime to 50 gallons 
} water. 
TOR Maw e226 None.) asses eee | (Check ss). 42224 Cheeks eh i. ae eee Beetles very injurious 


June 14. 
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POTATOES GROWING IN NEW GROUND, SHOWING BAR TO EMPLOYMENT OF POWER SPRAYERS. 
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THE COLORADO POTATO BEETLE IN VIRGINIA, ( 
THE TRACTION POWER SPRAYER IN USE. 


On several occasions a large traction power sprayer, working at a 
pressure of from 90 to 150 pounds, was used, operating on 5 or 6 rows 
at a time. The application with this machine was very effective, 
the plants being thoroughly sprayed above and from below, and 
were thus completely covered with the mixture. With from 2 to 4 
pounds of Paris green to 50 gallons of water this machine did very 
effective work in the control of the larve in large plats of from 30 to 
50 acres. 

This machine was used for demonstration, as the small sprayers 
employed in the locality are usually of such a type as to apply the 
insecticide at a very low pressure; in fact, doing little better than 
merely sprinkling the upper surface of the vines. It is hoped that 
the truckers will take advantage of this practical demonstration to 
the extent of pur¢hasing similar high-grade machines for doing this 
work. The work done by the traction dust distributors is of value, 
but on account of the higher cost of the insecticide applied in the form 
of dust it is desirable that sprayers should replace the dusters, even 
without considering damage to later crops resulting from the use of 
land plaster. If lime should replace the plaster in this mixture, at 
least for a time, the resultant acidity of the soil would be counter- 
acted and more favorable soil conditions would follow, thus preventing 
fertilizer injury from this source. 

The amount of lime distributed by a properly combined spray of 
Bordeaux mixture or of Paris green with lime is a negligible quantity 
in any case, while a decidedly beneficial effect is noted as a result of 
Bordeaux mixture applications, the yield being increased by from 40 
to 50 bushels per acre in several experiments conducted by the New 
York (Geneva) station.* Paris green is admitted to possess about 
one-fourth the fungicidal value of Bordeaux mixture, but applied 
alone is quite likely to injure the vines, while Bordeaux mixture seems 
to prevent injury .by any arsenical applied with it, even in the case 
of white arsenic-sal soda mixture. It has also been noted that the 
potato beetles dislike plants sprayed with Bordeaux mixture and 
when ready to oviposit leave such plants for those which have not 
been so treated. Both Paris green and arsenate of lead have yielded 
very satisfactory results as applications for killing beetles already on 
the plants, while the Bordeaux mixture acts as a repellent. The cost 
of material and expense of application for a Paris green or arsenate 
of lead spray, with Bordeaux mixture, is about 95 cents per acre, 
while the application of Paris green and land plaster by plantation 
methods costs nearly $4.20 per acre. The value of the copper unit, 
one of the active constituents of Bordeaux mixture, as a fungicide 


a Bull. 290, New York (Geneva) Agr. Exp. Sta., 1907. 
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develops in the spraying solution but is not freed in the dust applica- 
tion, and, again, the dust does not adhere to the leaves as well as 
does a liquid application. If arsenate of lead is the insecticide 
chosen, its adhesive qualities increase its value since it adheres much 
longer to the foliage in wet weather than has any other mixture yet 
tested, thus making frequent applications unnecessary. 

In the case of newly cleared land, which is frequently planted in 
potatoes as the first crop, it may be necessary to use a hand sprayer, 
or even a dusting bag, as the presence of tree stumps (PI. II) seriously 
interferes with the effective use of power sprayers, but where possible it 
is desirable to make use of large machines for spraying, thus lessening 
the cost of application and increasing to a greater degree the effi- 
ciency of the remedial measures. The cost of a good power sprayer, 
properly equipped for effective work on potatoes, varies from $75 to 
$125, which amount would easily be saved in the space of one season 
by the increased yield in the potatoes treated, where a sufficient 
number of potatoes is grown to justify the employment of a power 
sprayer. As experiments have shown that treatment at least three 
times during the growth of the vines is well repaid by the increase in 
yield, a means of covering the planted areas rapidly and effectively 
is highly desirable, and the larger spray outfits are well adapted to 
this work. 

CONCLUSION. 


In conclusion, it is suggested that at least three thorough applica_ 
tions of Paris green, or arsenate of lead, with Bordeaux mixture be 
made, the first applied about the time that the first eggs begin to 
hatch and the later applications at intervals of about three weeks. 
By this method the beetles should be easily controlled and the injury 
therefrom almost entirely obviated. 
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SOME INSECTS INJURIOUS TO TRUCK CROPs.- 


THE PARSNIP LEAF-MINER. 
(Acidia fratria Loew.) 


By F. H. Currrenpen, Sc. D. 
In Charge of Truck Crop and Stored Product Insect Investigations. 


INTRODUCTION. 


Since the year 1903 this species, hitherto considered rare, has 
made its appearance nearly every year in the District of Columbia 
in such considerable numbers that by July beds of parsnip are found . 
so extensively infested by the maggot or larva that at least 25 per 
cent of the leaves are sometimes destroyed. The leaves show mines 
of varying sizes, from that of a dime to others covering the greater 
portion of a leaf. In 1906 and 1907 the species could not be found 
in the District of Columbia, but it returned in 1908. A more com- 
plete account than has hitherto been available of the insect is here- 
with presented. 

EARLY HISTORY. 

Our first knowledge of the existence of this species as an enemy 
to crop plants was published in 1895 in a short illustrated note by 
Mr. D. W. Coquillett.¢ At that time it was recorded as having 
attacked parsnip leaves at Cadet, Mo., in June, 1891. The leaves 
had been quite extensively mined, and three adults were reared June 
23, proving to be Trypeta fratria, as it was then known. 

In 1899, Mr. R. W. Doane published a note on this species,? 
recording its rearing from Heracleum from Almota, Wash., and its 
occurrence at Pullman, Wash. He considered Thomson’s liogaster 
the same species, and stated also that our species may be identical 
with the European Acidia (Trypeta) heraclei L., or celery leaf-miner, 
said to be a destructive enemy of celery in England. 


DESCRIPTION. 


The fly—tThe mature fly in life is a beautiful object. Its body is 
pale yellow, as are also the legs; the abdomen is pale green, and the 
wings are beautifully ornamented with yellow alternating with 
white, forming the pattern shown in figure 1, a. Near the middle of 
the anterior margin of the wings there is a dusky, nearly black spot, 


a Insect Life, Vol. VII, p. 383. 
b Journ. New York Ent. Soc., Vol. VII, p. 178. 
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while in the corresponding position on the posterior margin there is 
a paler dusky spot two or three times as large. The head is yellow, 
and the eyes large and brilliant green with bluish reflections. The 
ovipositor varies from yellow to black. None of these colors is so 
bright in preserved specimens. The length of the body is about 
three-sixteenths of an inch (5 mm.), and the wing expanse is seven- 
sixteenths of an inch (11 mm.). 

The larva, or maggot (fig. 1, b).—The larva, or maggot, is of the usual 
form of the Trypetids, measuring about five times as long as wide. 
It is nearly transparent, except in the interior portions, where it is 
yellowish. The contents of the abdominal cavity appear greenish 
through the skin. The length of the body is 7 mm. and the width 
1.4mm. The anal segment of the larva as seen from the extreme end 
is illustrated at fig- 
Ke Mec: 

The puparium.— 
The larva when full 
gerowncontracts and 
hardens, forming a 
coarctate pupa or 
puparium (fig. 1, d), 
serving the purpose 
of a cocoon in inclos- 
ing the true pupa. 
In the present spe- 
cies, as with others 


of this group which 

Fig. 1. The parsnip leaf-miner (A cidia fratria): a, Fly; b, larva, lateral have been studied 
view; c, anal segments of same; d, puparium; e, cephalic extremity; he 
f,analextremity; g, row of cephalic spiracles; h, analspiracles. a,b,d, the form is oval in 
Much enlarged, remainder more enlarged. (After Coquillett, except outline, imperfectly 
b, c, original.) cf 


cylindrical, and ta- 
pering almost equally at both ends.* The lower surface is somewhat 
flattened and attached to the leaf by a viscid secretion. The length is 
twice the width and the color pale green when first formed, changing to 
straw color with greater age. The body is composed of 11 strongly 
marked segments. The mouth-parts are retracted within the pupal 
skin, and the cephalic or thoracic appendages (spiracles or trachez) are 
well indicated, forming two ares, together equivalent to about two- 
thirds of a circle (fig. 1, e). The spiracles are very minute and 
difficult to count, but there are evidently between 21 and 24 on each 
side (fig. 1, g), the probabilities being that there is no constancy as 
regards the number. The length is 4.5 mm. and the width 2.25 mm. 


a The writer fails to see how the Trypetid pupa can be described as ‘‘barrel-shaped,”’ 
as is done by many writers. 


a = 
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The anal extremity is illustrated at f, figure 1, and the anal spiracle 
at h. 

As long ago as 1873 Osten Sacken assigned this species to typical 
Acidia, but it has been generally known as Trypeta fratria. The 
following short technical description is quoted from Osten Sacken :4 

Clay-yellow, stature short and somewhat broad, with four bristles on the scu- 
tellum; wings with yellowish-brown rivulets, which enclose an oval, hyaline spot 


before the end of the discal cell; the end of the fourth longitudinal vein is not curved 
forwards. 


DISTRIBUTION. 


The localities recorded for Acidia fratria are comparatively few, 
considering the fact that the species is not really rare. Osten Sacken 
gave ‘Atlantic States.’”’ Thomson found it in California, and others 
have recorded its occurrence in Missouri, Washington, andNew Jersey. 
To this must be added the District of Columbia. The above evi- 
dently indicates a moderately wide distribution, especially if the 
species should prove to be the same as heraclei L., common to both 
continents. At least it extends across the continent from the Atlantic 
seaboard to the Pacific Ocean. 


BIOLOGIC NOTES. 


While new data have been obtained, the life history is still incom- 
plete. The fly has not been observed depositing its eggs, and the 
egg and method of oviposition therefore remain unknown. The fact 
that the mines always extend to the margin of the leaf affords an indi- 
cation that the eggs are deposited at least near the margin, and the 
fact that the larve when full grown have usually worked down into 
the end of the leaf nearest the leaf-stalk (see fig. 2, a) shows that the 
ege is probably deposited in most cases near the other end or apex of 
the leaf. 

The larve under observation in 1903 began to attain maturity July 
19, the adults issuing in August. Material under observation in 1908 
transformed to pupze May 22 and the first adults issued June 6, the 
pupal period having been passed in fourteen days. 

While these insects usually form puparia in the old larval mines, in 
many cases also they desert the mines, especially small ones, and form 
separate puparia in the same or other leaves. Mines are more often 
found with two or three larve or puparia within than with a single 
inhabitant, and as many as eight have been counted on a single leaf. 
To the average person the mines made by this species would scarcely 
be recognized as such, as the leaves merely present the appearance of 
dying from natural causes, portions of them drying and withering. 


@ Monograph of Diptera No. Am., Pt. III, p. 234. 
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At the time when puparia are formed on the leaf surface (see fig. 
2, b) that portion of the leaf is still green, but before the adult hatches 
the infested area usually turns brown, like the larval mines, and the 
first two or three segments of the puparium may be seen protruding 
at the margin of the leaf. With the further drying of the leaves 
more segments are exposed, and sometimes the entire puparium is 
brought to view (fig. 
2, c) attached by its 
underside to the sur- 
face of the leaf. 

The mines are of 
irregular form, but 
are usually more or 
less rounded or ob- 
long, although some- 
times irregulary tri- 


in the apex of a leaf. 
The two outer sur- 
faces of the leaves be- 
come separated, and 
the excrement, very 
fine and powdery 
and nearly black, 
can be seen by hold- 
ing the mines to the 
light. The location of 
the larvee can also be 
made out in the same 
Fic. 2.—Parsnip leaves showing location of larva of Acidia fratriainits Manner 1hip indeed, the 
ae at a; of concesled pupatls at b, and of exposed puparium at c larvee can not be seen 
rawn from life. (Original.) 
ona plain surface. 
The maggots usually work somewhat closely together, and the 
puparia also are frequently found placed side by side. Lower leaves 
of plants are more affected than are upper ones, and attack has been 
noticed to be more extensive where plants are grown in shady 
locations. 


A single parasite, Syntomosphyrum sp., a chaleidid, determined by 
Mr. J. C. Crawford, has been reared by the writer from this maggot. 


METHODS OF CONTROL. 


According to the writer’s experience, this species shows a fondness 
for plants that have run to seed. Hence it is not desirable to plant 
beds in the vicinity of parsnip or other susceptible crops grown 


angular when found © 


THE PARSNIP LEAF-MINER. 138 


for the market. European writers on the celery leaf-miner state that 
dusting the affected leaves with a mixture of finely powdered soot and 
lime, three parts to one, has proved beneficial in preventing the flies 
from depositing their eggs upon the leaves. It is applied when the 
leafage is damp. Other similar deterrents, such as road dust, would 
~ have about the same effect. 

Sprays of kerosene emulsion and of carbolized kerosene emulsion 
have also been reported to be successful in the treatment of young 
plants affected by the celery leaf-miner. These, if applied at the 
proper time, would act as deterrents and might have some effect on 
the larve at about the time when they are ready to transform to 
pupeze and when the mines are thin. It is doubtful, however, if either 
of these fluids would penetrate the leaves to any great extent except 
at this time. 

883J—Bull. 82, pt 2—09——2 


THE PARSLEY STALK WEEVIL. 


(Listronotus latiusculus Boh.) 


By F. H. Currrenven, Sc. D., 
In Charge of Truck Crop and Stored Product Insect Investigations. 


INJURIOUS OCCURRENCE. 


Certain species of curculios, or weevils, of semiaquatic habits that 
normally feed upon wild plants growing in marshy situations, through 
the reclamation and cultivation of such tracts, occasionally attack 
crop plants, and for a season or more accomplish serious damage. 
In many instances injuries are peculiarly local and are not apt to 
recur,” but there is always a possibility that insects of such habits 
may, in course of time, after the cultivation of the same areas, with 
or without the disappearance of these wild food plants, become 
permanent pests. An instance may be cited which came under the 
observation of Prof. F. M. Webster, of this Bureau, in Ohio, in 1894, 
of attack on cabbage by two semiaquatic species of weevil, Listronotus 
appendiculatus Boh., and Notaris (Erycus) puncticollis Lec. About 
50,000 plants were set late in June in a field of swamp land under- 
drained the previous year, and as many as 10 individuals of the 
first-mentioned species were found about single plants, gouging 
great cavities in the stalks. The former, with others of its genus, 
develops normally in arrow-head (Sagittaria spp.) and some related 
aquatic plants. 

It is not surprising, then, that similar injuries should be committed 
by insects of the same class. During the last of July and first days 
of August, 1902, Mr. F.C. Pratt, of this Bureau, noted injury to parsley 
grown at Four Mile Run, Virginia, which upon examination was 
found to be due to both larve and adults of Listronotus latiusculus 
Boh. Injury continued the following season—1903. It thus ex- 
tended over four years—1900 to 1903, inclusive. 


@ This holds for several forms of bill-bugs (Sphenophorus spp.), but the most injuri- 
ous species are practically permanent corn pests in certain localities, owing to environ- 
ment; for example, in cornfields planted in the immediate vicinity of marshes, 
rivers, or other bodies of water in which the aquatic plants in which they have their 
natural homes abound. 


14 
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DESCRIPTION. 


The beetle is a weevil of the family Curculionide. It is of some- 
what obscure appearance, there being many other species which 
resemble it superficially. It is shown in the illustration (fig. 3, a). 
Its resemblance to the clover-leaf weevil and related species (Phyto- 
nomus) is apparent. The two genera are intimately related. From 
the latter genus Listronotus may be distinguished by the different 
proportions of the ventral segments, the first, second, and fifth being 
long, and the third and fourth very short. The legs are more slender, 
and the tibie are bent inward at the tips and are quite strongly 
mucronate. The species, so far as known, are winged. Twenty-two 
species are indicated by Horn.* L. latiusculus Boh. is very closely 
related to L. impressifrons Lec. Le Conte describes the two species as_ 
agreeing in form and sculpture and in having the last ventral segment 
of the female not impressed, but in latiusculus the rostrum or snout 
is feebly channeled and sulcate with the frontal fovea faintly indi- 
cated, while in impres- 
sifrons the rostrum is 
strongly channeled 
and suleate with the 
frontal fovea deep. 
The length without 
the rostrum is about 
one-fourth of an inch 
(6-7.5 mm.). The 
color is brown, varied Fig. 3.—Listronotus latiusculus: a, Beetle; b, larva from side; c, two 
with rather minute abdominal segments from above; d, pupa. All much enlarged. 
golden or cupreous ‘O"sin!) 
seales, with which the entire surface 1s covered. The rostrum from 
the eyes to the tip is of nearly the same length as the thorax. 

The egg.—The egg is variably oval, from about two-thirds to three- 
fourths as wide as long, not visibly flattened, and without apparent 
sculpture. The only eggs examined were of a decidedly dusky hue, 
but when freshly laid they were probably pale gray or whitish 
and subtranslucent. Their length is 0.70-0.75 mm., and the width 
0.48—0.55 mm. 

The larva (fig. 3, 6, c)—The larva differs from those of the ordi- 
nary Curculionid form in being less curved. It is considerably flat- 
tened and crawls easily, bemg comparatively active. The larva in 
the cut is shown in the position assumed after death. When alive 
and stretched at full length it is a trifle longer than the beetle. It is 
of the usual milk-white color so common in curculio larve, and has 
the same pale, reddish-brown head and darker mouth-parts. The 


@ Rhynchophora of America North of Mexico, 187 6, pp: 127-136. 
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head is comparatively small, of about the same width as length, 
excluding the mouth-parts. : 

The pupa (fig. 3, d).—The pupa is creamy white in color and is 
rather thickly covered with short, stiff bristles, which assist it in loco- 
motion. It is quite active and capable of crawling a considerable 


distance. 
DISTRIBUTION. 


Le Conte’s type and cotypes were from Georgia and Louisiana. 
The species is recorded or has come under the writer’s notice from 
a limited number of localities. These include Ithaca, N. Y. (Chit- 
tenden); New York, N. Y. (Juelich and Roberts); Buffalo, N. Y. 
(Juelich) ; Madison, Gloucester, and Hudson County, N. J. (Smith); 
Four Mile Run, Va. (Pratt); and Washington, D. C. 


INJURY AT FOUR MILE RUN, VIRGINIA. 


When this species was first observed, in the latter part of July, sev- 
eral larve and a single adult were found in the tuberous roots under- 
ground. The trucker on whose farm the injury was committed stated 
that he had observed attack by this species the two years before, 1. e., 
in 1900 and 1901, when it occasioned some loss. The outward mani- 
festations consist in the tops of the parsley beginning to turn yellow, 
then wilting, and finally drying out. When a plant was pulled, the 
roots broke off just below the surface of the ground, frequently dis- 
lodging the larva or grub and leaving others below. September 5, 
when a third visit was paid to the infested locality, injury had 
increased beyond all expectations, nearly half of the crop having been 
destroyed. Asin the previous instance, larve and adults were found, 
as also pupx. It is obvious, therefore, that the single adult found on 
the first occasion was a straggler from the first or hibernated genera- 
tion and the beetles found later were members of the new generation. 
Where the larvee were found attacking small stems—those less than a 
quarter of an inch in diameter—injury was shown quite early and the 
plant was killed. But in older stems from one-half to three-fourths 
of an inch in diameter damage was not so conspicuous. Large tubers 
show excavations on an average of about 1 inch in length and a fourth 
of an inch in diameter. Owing to the soft nature of the roots these 
excavations are decidedly irregular and assume a light reddish-brown 
color. The holes made by the beetles in exit are so large that some- 
times considerable quantities of earth are washed in by rains and 
doubtless assist In promoting decay, leading to the ultimate destruc- 
tion of the plants. Some of the outer roots proceeding from the 
tubers are also penetrated. In one root under examination, con- 
taining two larve, less than one-fourth of the root remains, the rest 
having been destroyed by decay. In 1903 larvee were observed as 
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late as September 4, hatching in the outside leaf-stems and burrowing 
through until they had penetrated the root. In the illustration (fig. 4) 
injured plants are shown, the one on the right containing a larva, 
natural size, in the roots. 


OVIPOSITION. 


It was readily learned that the beetles deposited their eggs in parsley 
stalks, large punctured areas corresponding to the diameter of the 
snout of the beetle being noticeable from a point just below the top 


Kia. 4.—Parsley roots showing work of parsley stalk weevil. ( Original.) 


of the stalks nearly to their base. Three or four such places of egg 
deposit are usually seen in a large stalk. The usual number of eggs 
inserted seems to be two, although frequently a third is found and 
sometimes only one. Most curculionids, however, deposit a single 
ege in a slit made for the purpose. Where the stalk has attained 
sufficient size and strength to continue growth after the beetle has 
deposited its eggs, the larva lives within it, going downward into the 
roots. In some cases plants are killed by too many punctures, par- 
ticularly when quite small and delicate, and then the larve desert the 


18 SOME INSECTS INJURIOUS TO TRUCK CROPS. 


stems, evidently by simply tumbling out to the ground, into which 
they crawl and attack the roots by boring in from outside. 


FOOD PLANTS AND HABITS. 


Most collectors of Coleoptera who have had opportunity to observe 
aquatic and other forms of beetles that frequent ponds and water 
courses are familiar with the fact that the genus Listronotus is to 
be found in the greatest abundance on aquatic or semiaquatic plants, 
more particularly on Sagittaria. Years ago Dr. C. M. Weed made 
observations on the present curculio and its food habits.* He 
found the larvee in seed capsules or heads, as well as in stalks, of 


the common arrow-head (Sagitiaria variabilis) and furnished some 


interesting observations on the insect’s life history. Beetles began 
to emerge September 23 (in Ohio), continuing emergence until the 
middle of October. The length of the pupal stage was determined 
as eleven days. The duration of the egg stage should be about the 
same at the same temperature, but in a high temperature in a warmer 
climate like that of Washington eggs might develop in seven days, 
while the larval stage is of only a few weeks’ duration. During the 
same year that Doctor Weed wrote of this species, the late Wilhelm 
Juelich informed me that he had found the beetles near New York 
City in the lower parts of reeds (Phragmites), near the bottoms. 

In the Bureau of Entomology we have a record of the finding of 
the larva by Mr. A. Koebele in August, 1884, in Virginia, near the 
District of Columbia, in the seed capsules of a species of Sagittaria, 
August 31. The beetles developed in great numbers, beginning 
September 22. 

It is not usual that phytophagous Coleoptera develop in so many 
portions of a plant as in the case of the present species, which exists 
as larva in the seed capsules and stalks of one plant and in the roots 
of a different plant.’ It is not probable that it would be able to live 
in portions of purely terrestrial plants other than the roots or stalks 
near the ground, because the insect evidently requires a more than 
usual degree of moisture. In other words, it is semiaquatic.? 


@ Bul. Ohio Agr. Exp. Sta., Tech. Ser., Vol. I, No. 1, pp. 10, 11, 1889. 

b Compare the writer’s observations with others on the biology of Conotrachelus 
elegans (Bul. 18, n. s., p. 94), which breeds commonly at the roots of Amaranthus 
and has been stated by others to live on hickory; since the eggs are known to be de- 
posited in rolled-up leaves of hickory, it seems probable that the beetles develop in 
some other portion of that plant than at the roots. The congeneric plum curculio 
(C. nenuphar Hbst.) not only develops in the plum and other stone fruits, but also 
in black-knot (Plowrightia morbosa). 


; THE PARSLEY STALK WEEVIL. 19 


METHODS OF CONTROL. 


The grower who reported injury to parsley in Virginia abandoned 
this crop on account of the ravages of the weevil. Hence no experi- 
ments could be made with remedies. There can be no doubt that 
the species could be reached with bisulphid of carbon or kerosene 
emulsion applied about the roots in the same manner as for root- 
maggots and similar insects. All things considered, however, in 
the case of parsley the wisest measure was just what the grower 
did. After the lapse of a year or two, perhaps, parsley might be 
grown with impunity in the same locality. 


THE CELERY CATERPILLAR. 
(Papilio polyxenes Fab.) 


sy F. H. Currrenpen, Sc. D. 


In Charge of Truck Crop and Stored Product Insect Investigations. 
INTRODUCTION. 


Everywhere in beds of celery, carrots, parsley, and related plants 
there will be found, during summer and autumn, numbers of a large 
ereen or yellowish caterpillar, rmged with black. This is the celery 
caterpillar, known also as the parsley worm and by other common 
names. It is, everything considered, one of the insects best known 
to the grower of the crop plants mentioned, this being due to its 
large size and conspicuous, gay coloring. It feeds upon the leaves 
of plants and, when abundant, attacks the blossoms and undeveloped 
seeds. If left entirely unmolested it might, save for the intervention 
of natural enemies, become a serious pest, since it 1s a voracious 
feeder. It is readily controlled, however, by handpicking, and this 
helps to reduce the numbers of the pest. In addition, its habit of 
feeding on wild parsnip, wild carrot, and other umbelliferous weeds, 
which are altogether too abundant, serves to distribute attack as 
well as to divert it from useful plants. 


DESCRIPTIVE. 


Nearly every year inquiries are made in regard to this insect, but 
it is seldom so plentiful as to call for advice in regard to treatment. 

Complaints of injury and requests for remedies, however, have 
been received in recent years from portions of Long Island, Maryland, 
District of Columbia, Virginia, Iowa, and some other regions. In 
our correspondence it has attracted most attention because of its 
occurrence on celery, parsley, and sweet fennel. 

The egg.—The egg of this butterfly is of globular form and rather 
large, measuring about 1 mm. in width and the same in height. It 
is flattened on the surface by which it is attached, as shown in figure 
5, d. When first laid the egg is pale honey-yellow, but afterwards 
turns in parts to reddish brown. The surface is slightly glistening 
and covered with microscopic granulations. 
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The larva.—The young stages of the larva are totally dissimilar 
to the mature ones. Five distinct stages are recognized, the second 
of which is illustrated at e, figure 5. This caterpillar is shown, 
lateral view, in figure 5, a. It is usually green, sometimes yellowish, 
and strongly ringed with velvety black and spotted as figured. 
Another caterpillar is shown at 6 to illustrate the appearance of the 
head and the peculiar yellow scent organs (osmateria). These are 
protruded when the insect is disturbed, and they exhale a pungent 
odor, similar to that of the bruised leaves of their food plants but of 
ereater intensity and very disagreeable. 

The adult.—The parent insect is one of the swallowtail butterflies 
known by various names, but more commonly as the black swallow- 
tail. The ground color is velvety black, relieved by yellow bands in 


Fig. 5.—The celery caterpillar (Papilio polyrenes): a, Full-grown larva, side view; b, view showing 
head with extruded osmateria; c, male butterfly; d, egg in profile; e, young larva; /, suspended chrysalis. 
All about natural size, except d, which is much enlarged. (Original.) 


the male, as shown in the illustration (fig. 5). The hind wings are 
ornamented on the inside by eyelike markings resembling those of 
the male peacock, and they terminate in the ‘‘tails,’”’ from which the - 
insect derives its common name. The female (fig. 6) is of larger 
size, somewhat faded black, and in every way of a more somber 
appearance than her spouse—a rule which holds good for most 
butterflies. Many of the yellow spots, particularly those arranged 
in the form of bands, are wanting, and the hind wings are ornamented 
with pale blue scales on the posterior half. This species is subject 
to every conceivable variation in color. The wing expanse is usually 
3 inches or a little more. . 
The chrysalis.—The chrysalis is of a dull gray color, mottled with 
black and brown, and measures a little less than 14 inches (see fig. 5, f). 


a? SOME INSECTS INJURIOUS TO TRUCK CROPS. 
DISTRIBUTION. 


In some respects this is one of the most interesting of the insects 
found attacking garden plants. In the first place, it appears to be 
limited to no special life zone, if we can judge by the records of dis- 
tribution. It occurs in every State and Territory inthe Union. From 
a very considerable portion of Canada from east to west bordering 
the United States, its range extends through Central America and the 
West Indies to South America, at least as far as Venezuela. 


HABITS AND LIFE HISTORY. 


Even without the warning scent organs with which the larva is 
supplied, its colors are so peculiar that birds soon recognize it and 
learn to leave it undisturbed, owing to its disagreeable taste. It 
is not, however, free from insect enemies. It would seem that the 


Fia. 6.—The celery caterpillar: Female butterfly. About natural size. (Original.) 


larva is perfectly well aware of its immunity from attack by birds, 
since it feeds in plain view in the later stages and even crawls to the 
outer surface of plants, appearing to invite the freest exposure. It 
is remarkable, also, that the colors of the pupa as well as its attachment 
to inconspicuous objects render it comparatively free from natural 
enemies. Fitch (in manuscript) noticed ‘‘a female at midday hover- 
ing around some caraway, ovipositing. She gently settles on the 
end of a leaf, holding thereto with her feet for a few moments, whilst 
she curves her abdomen forward and places an egg on the upper 
surface of one of the small leaflets, and then gently flies away to 
another leaf.’’ 

Owing to the extremely wide range of this species there is much 
variation in its life history. Gundlach and Chapman observed this 
insect in Cuba and Florida, respectively, and their observations, 
with those of others farther north, show that the eggs hatch in from 
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four to nine days, that the larval period may be passed in the extreme 
South in from nine to ten days, although this is oftener four weeks 
in the North, and that the chrysalis period varies between nine and 
eighteen days. The writer observed the pupal period at Washington, 
D. C., from July 8 to July 18, a total of nine and one-half days in 
hot weather. This gives us a possible minimum life cycle of from 
twenty-two days, in the insect’s southern range, to eight weeks 
northward. In the North the insect is double-brooded, and winters 
in the chrysalis stage. In the extreme South there are probably 
three or four generations produced each year. Thus butterflies 
appear in the South in March and April and begin the deposition of 
their eggs, while in the New England States and in similarlatitudes 
the butterfly does not appear on the wing until May, and seldom before 
the middle of that month. 

Besides celery, this insect attacks practically all other umbellif- 
erous plants, including carrot, parsley, caraway, fennel, parsnip, 
dill, and related wild plants. It does not appear to attack, except 
in extreme cases, any plant outside of this botanical family. 


NATURAL ENEMIES. 


The principal insect enemies are species of ichneumon flies of rather 
large size, single specimens of which serve to destroy the insect 
in its pupal stage. The best known of these are two species of 
Trogus—evesorius Brullé and exidianator Brullé. Some other natural 
enemies, however, have been recorded. The list includes Apanteles 
lunatus Pack. and a dragon fly, Anax longipes Hagen. 


REMEDIES. 


The conspicuous appearance of the larve of this species renders 
them what might be called an ‘‘easy mark,’’ as they are readily found 
and can be crushed under foot, and no other remedies are necessary 
if the work of destruction is begun before the plants are injured. 
The killing off of the first generation will serve in considerable measure 
to destroy the insects so as to prevent a very large second brood or 
generation, particularly if this can be accomplished over a consider- 
able territory. The butterfly is a strong flier, and cooperation is 
necessary to keep the insect in check when it becomes destructive. 
The caterpillar can also be destroyed with an arsenical, either Paris 
green or arsenate of lead, but recourse to these is, as a rule, scarcely 
necessary, owing to the ease with which the “‘worms” can be hand- 
picked. 

BIBLIOGRAPHY. 


The swallowtail butterfly is considered in most text-books on 
general entomology and in many popular periodicals on the same 
topic. A list of technical references is given in Scudder’s Butterflies 
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of New England—mentioned as No. 6 below—and a list of publica- 
tions in which the immature stages are considered is furnished in . 
Henry Edwards’s Catalogue of the Described Transformations of the 
North American Lepidoptera (No. 5). A brief list is, therefore, all 
that is necessary for the present purpose. 


(1) 


(3) 


Fasricius, J. C.—Systema Entomologica, pp. 444-445, 1775. 
Original description of the species as Papilio polyxenes. 
SmitH & AsBor.—Lepidopterous insects of Georgia, vol. I, p. 1, pl. 1, 1792. 
Short account, with colored plate, illustrating all stages except egg. Mentioned as Papilio 
troilus.@ 
CRAMER, PreTeR.—Papillons exotiques, Vol. IV, pp. 194-196, pl. 385, figs. C-B, 
1782: 
Redescribed as Papilio asterius, 
Harris, T. W.—Insects injurious to vegetation, 1841, pp. 211-218, Flint ed., 
1862, pp. 263-266, pl. 4, fig. 4. 
An excellent account of this species with illustrations. Mentioned as Papilio asterias Cram. 
Epwarps, Hy.—Bul. 35, U. S. National Museum, p. 10, 1889. 
List of references to the described transformations of this species to date. 
Scupper, 8. H.—Butterflies of the Eastern United States and Canada, Vol. IT, 
pp. 1353-1364, 1889. ; 


A monographie account, including references to technical descriptions of all stages, geographical 
distribution, habits, life history, etc. 


«Papilio troilus L. is an entirely different species. 
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THE LIMA-BEAN POD-BORER. 
(Etiella zinckenella Treit.) 


By F. H. Currrenven, Sc. D., 
In Charge of Truck Crop and Stored Product Insect Investigations. 


INJURIOUS OCCURRENCE. 


In looking over some old material and notes in the Bureau of 
Entomology and National Museum, some larve closely resembling 
the Lima-bean vine-borer (Monoptilota nubilella Hulst) were diseov- 
ered, accompanied by a note by Mr. Albert Koebele to the effect 
that they were found on Lima beans at Rattlesnake Bridge, Eldorado 
County, Cal., July 21, 1885. The beans in that vicinity were much 
infested by larve of this species. The seed beans had been received 
from Ohio the previous spring, but this evidently had no bearing on 
the origin of the insect, although the larve injured the growing 
seeds. 

_ More recently, in 1908, the same species was discovered by Mr. 

H. O. Marsh at Santa Ana and Garden Grove, Cal., in September 
and October, infesting Lima-bean pods. At this time it was abun- 
dant in Santa Ana, in one garden nearly every pod containing a 
larva; at Garden Grove the species had ruined fully 40 per cent of 
a good-sized patch of late beans. Another lot was received from 
Anaheim, Cal., October 22. The larve were common at this time 
also but not as injurious as in the other localities. The adults 
began issuing January 9, 1909, and continued coming out until Feb- 
ruary 25. 

Later the same collector found this species at work at Compton 
and Watts, Cal., in November. During the latter half of November 
the larvee were scarce, practically all having disappeared with the 
exception of a few belated individuals here and there. 


DESCRIPTION AND DISTRIBUTION. 


The moth has a wing expanse of a little less than an inch; the 
head is armed with three long, conspicuous labial palpi, showing its 
relation to the snout-moths. The ground color is gray, interspersed 
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with ochreous scales on the fore wings. A conspicuous, broad white 
stripe extends over the base of the fore wing along the: costa to the 
apex. In the inner fourth of the fore wing there is also a cross-band 
of brighter ochreous freely dotted with brown spots. The moth is 
illustrated by figure 7, a, representing the female. The sexes may 
be readily distinguished by the antenne. . 

The original description of this species is by Treitschke,* who, in 
1832, named it Phycis zinckenella n. sp., from Sicily. 

It has also been described under at least thirteen other names, 
including schisticolor Zell., and rubribasella Hulst. Full references to 
technical descriptions are given by Hulst in his article entitled ‘‘The 
Phycitidze of North America’’® and in the Dyar list (No. 4807). 

Doctor Dyar has sugges- 
ted that schisticolor Zell. is 
synonymous with zincken- 
ella Treit. and in further 
elaboration states, in a let- 
ter dated May 28, 1909: 

I have compared the Etiella 
species and find only one and that 
the same as the European zinck- 
enella. Hulst’s rubribasella is evi- 
dently a synonym, founded on 
an imperfect or badly mounted 
specimen: schisticolor Zell. is paler 
gray, less reddish tinted, the costal 
stripe less sharply defined, but I 
Fie. 7.—Lima-bean pod-borer (Etiella zinckenella): a, Fe- think it aracial form only. Many 


male moth; }b, antenna of male moth; c, larva, dorsal of our moths that extend into the 
view; d, lateral view of one abdominal segment. Twice 6 
arid country are of a paler gray 


natural size except b, which is more enlarged. (Original.) : 
there, to match the desert tints; 


but I glo not think the character is specific. The costal stripe in some of the 
specimens is as sharply marked as in eastern ones, and the eastern ones also vary 
in depth of color. 
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Like the pea moth, this species appears to be an inhabitant of 
the Eastern Hemisphere and has been introduced, perhaps, from 
both Europe and Asia. North Carolina is the northernmost locality 
recorded by Hulst, but it may be present farther north in the Atlan- 
tic region. 

Of its habits Milhére* says that it lives in the larval stage on 
Colutea arborescens. 

Of the distribution Hulst gives Florida, North Carolina, South 
Carolina, Texas, Colorado, California, West Indies, South America, 


a@¥. TreirscHKe. Schmetterlinge von Europa, Vol. IX, p. 201, Leipzig, 1832. 
b Trans. Am. Ent. Soc., Vol. XVII, p. 170, 1890. 
¢ Ann. Soc. Linn. Lyon, Vol. VIII, p. 231, 1861? Not seen. 
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Europe, West Africa, Madagascar, and Central Asia. Evidently 
the species is cosmopolitan but may not occur far northward. 

Comparison of the moth of this insect with that of the corn stalk- 
borer (Elasmopalpus) shows considerable superficial resemblance, 
while the larva is decidedly more like that of the Lima-bean vine- 
borer (Monoptilota). In the Dyar list the genus Etiella follows 
three genera after Elasmopalpus. These three species belong to 
the same family, the Phycitide. 

The larva.—The larva, when mature, presents the appearance 
illustrated in figure 7, c, d. It is of robust form, strongly convex 
above, and somewhat strongly flattened on the lower surface; widest 
at the first two abdominal segments, from which it tapers very feebly 
both anteriorly and posteriorly until the anal extremity, which is 
much narrowed. The general color is rosy, sometimes with a purplish 
tinge, much darker on the dorsal than on the ventral surface, which 
is somewhat faintly tinted. Segmentation is strong and the abdom- 
inal folds are pronounced. The head is more than half as wide as 
the first thoracic segment, honey-yellow in color, darker about the 
trophi and along the margins; the hemispheres are well divided above; 
the inverted V-mark is distinct, the outer lines broken above the 
middle. The first thoracic segment is paler than the other two, tinged 
with honey-yellow, and spotted with brown, about as illustrated in 
figure 7, which also shows the pattern of ornamentation of the dorsal 
surface generally. The anterior legs are well developed as are also 
the four pairs of abdominal and the anal prolegs. The arrangement 
and location of the piliferous tubercles and hairs which they bear are 
also sufficiently well shown to render further description superfluous, 
especially as only a single properly preserved specimen is available 
for the purpose. The length is about 16 mm. 

Younger larve seen were pale, either whitish or light green. 

The eggs have not been seen and no pupe are at hand for descrip- 
tion. 

ADDITIONAL REMARKS. 


Opportunity has thus far not offered for study of the habits of the 
species. Of the larve received, it was noticed that they feed en- 
tirely within the pod and in some cases were found in a slight web 
mingled with excrement. They attack the bean along the edge and 
usually devour the germ, consuming the entire bean if young and 
tender. They are quite capable of entering other pods by cutting a 
small hole in the side. 

Larve were seen crawling around in a package when received, Sep- 
tember 23, evidently seeking a place for pupation. When placed in 
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a rearing jar with sand they burrowed down to the depth of an inch 
or a little more and surrounded themselves with a slight web. 

It is noticeable that this species was found only upon Lima beans 
in its occurrence in California. 

An ichneumon-fly parasite (Chttn. No.1412°) issued October 19 
to October 30, 1908. 

As a very complete systematic bibliography is published by Doctor 
Dyar,” and, moreover, as the titles cited have little bearing on the 
matter in point, bibliographical references will be omitted in the 
present paper. Admitting that zinckenella and schisticolor are syno- 
nyms,the Dyar catalogue furnishes no less than fourteen synonyms, 
the species having been given that number of specific names by differ- 
ent writers, the list including six by Walker. 

No opportunity has presented itself for experiments in the reme- 
dial control of the insect, and unless it should be held in check by 
natural enemies it is probably destined to be a pest during some 
seasons, in localities where it has become well established, on Lima 
beans. ° 


@ Bul. 52, United States National Museum, p. 428, 1902. 


.THE YELLOW-NECKED FLEA-BEETLE. 


(Disonycha mellicollis Say.) 


By F. H. Currrenpen, Se. D., 
In Charge of Truck Crop and Stored Product Insect Investigations. 


[With report by H. O. Marsu, Agent and Expert.| 
INJURIOUS OCCURRENCE. 


Beginning with January, 1909, the yellow-necked flea-beetle (is- 
onycha mellicolis Say), which appears to be particularly injurious the 
present year, began to attract attention in the South, being reported, 
by agents and others, on truck crops in Texas and Florida. January 
26, Mr. D. K. McMillan stated that this species was common at Browns- 
ville, Tex., on spinach. He found only adults, although several pairs 
were in copula. He had also found adults resting under portulaca 
and amaranthus and on lettuce. At that time it had not proved 
very injurious, but was so much more abundant than in the previous 
year that it was surmised that the insect might become a pest. The 
following day we received the same species on beets, collected by Mr. 
H. M. Russell, at Boynton, Dade County, Fla. In this case both 
adults and eggs were obtained. The latter were deposited in masses 
of six, ten, and eleven on the underside of the leaves. January 29 
Mr. Roger S. Baldwin, Boynton, Fla., wrote that beets were being 
attacked by the spinach flea-beetle. The specimens sent in each 
case proved to be Disonycha mellicollis Say and not Disonycha 
zanthomelena Dalm. 

Writing about the yellow-necked flea-beetle, February 12, Mr. 
Baldwin stated that the adults were taken from table beets grown 
at Boynton, Fla., on black, wet, mucky soil. He expressed the opin- 
ion that these might represent a second generation, as all that were 
seen on the earlier beets were handpicked or treated with arsenate of 
lead in the form of a spray. The earlier beets were then entirely 
freed from the insects’ attack. Later, on March 6, Mr. McMillan 
found adults in considerable numbers on spinach and beets, the leaves 
of which showed holes made by the insects in feeding. No larve 
were observed at that time, but the adults were mating and a few 
eges were found. 

Tn looking over earlier records the writer finds that in the summer 
of 1897 he first noticed this flea-beetle in numbers taking short jumps 
about the common purslane, Portulaca oleracea, at Glen Echo, Md. 
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Individuals that were kept in a vial with the leaves of this plant fed 
freely for two weeks, whereupon one deposited egos. A mass of 23 
egos was obtained, lnid irregularly, some in rows of three or four with 
Sane rows overlapping. When first noticed, the eggs were about to 
hatch and were blood-red—an unusual color for the eggs of Chryso- 
melide. They differ from those of the closely related D. xanthome- 
lena, or spinach flea-beetle, chiefly by their sanguineous color, but 
agree, as far as could be easily seen, in all other important particulars. 

The larvee, as well as the adults, feed on portulaca. Apparently 
the larva does not differ to any noticeable extent from that of zantho- 
melzena save in color and in possessing less prominent tubercles. The 
general color is rather dull yellowish-red with no apparent striation. 
The size is also a little smaller. 

September 20, 1906, Mr. F. W. Roeding sent beetles of this species 
from Wichita Falls, Tex. , with the report that they occurred in beet 
fields. 

No further observations were made on this species until November 
5, 1907, when the writer observed it on chickweed (Alsine [Stellaria] 
media), one of the favorite food plants of zanthomelena. Several 
other beetles were observed in the same location and these fed upon 
chickweed when provided with it. In April, 1909, this species was 
taken under boards placed over chickweed and when confined fed 
more freely than did the lot found in November, presumably because 
the latter had begun hibernation. The following year, May 30, Mr. 
McMillan soeee red the beetles feeding on portulaca at Brownsell 
Tex., showing, in the writer’s opinion, ae as he had previously sur- 
mised, that this is a favorite natural food plant. 


DESCRIPTION AND DISTRIBUTION. 


This species was given the specific name which it now bears by 
Say, in 1835.¢ Later it was redescribed by Le Conte as semicarbon- 
ata.” Of the eighteen species of this genus, mellicollis differs from all 
others, except collata Fab., in having entirely yellow femora or thighs. 
It is smaller than either zanthomelxna or collata. The color varies. 
In fresh specimens the legs and thorax are reddish, but in older speci- 
mens they are much paler and the thorax varies from metallic green 
to dark blue. The species was redescribed by Horn in 1889.¢ 

This species is as widely distributed as the average Halticine, but 
it was not until rather recent years generally recognized by collectors 
as distinct from zanthomelena. It is recorded by Dr. G. H. Horn 


@ Altica mellicollis, Bost. Journ. Nat. Hist., p. 199; Complete Writings (LeConte Ed.), 
Vol. II, p. 668, 1859. 

b Haltica semicarbonata, Col. Kans. & E. New Mex., p. 25, 1859. 

¢ Trans. Am. Ent. Soc., Vol. XVI, pp. 211-212, 1889. 


THE YELLOW-NECKED FLEA-BEETLE. ot 


from Louisiana, Texas, and Colorado. The writer has collected speci- 
mens from New York City and vicinity, the District of Columbia, 
Rosslyn, Va., and Glen Echo, Md., and has seen a series from North 
Carolina. In the streets of New York he observed beetles under 
stones as early in the season as March 13. 

It has been recorded from as far inland as Cincinnati, Ohio, but it 
is apparently a maritime form, as it is not often found inland. It 
should be remarked that it is, like other flea-beetles, decidedly spas- 
modie as regards numbers. 


ECONOMIC STATUS. 


The economic status of this species is scarcely established. It is 
not at all unlikely that it may prove in time to be quite as injurious 
to beets and spinach, locally or seasonally in the Gulf States, as is its 
injurious congener, the spinach flea-beetle, throughout the North 
and in the Atlantic region. The latter, there can be no doubt, does 
much more injury annually than is attributed to it, for reasons 
which the writer has already expressed. When it attacks very 
small plants, especially in the larval stage, it may destroy them 
completely and then attack the roots. 

The following report on this species gives some details not covered 
by the preceding pages: 


REPORT BY H. O. MARSH. 


The beetles of Disonycha mellicollis were observed during the winter and spring of 
1909 to be quite common and injurious at Brownsville, Tex., and vicinity, feeding 
on beets, spinach, Amaranthus retroflecus, A. spinosus, A. berlandieri, Chenopodium 
sp., Portulaca retusa, and P. oleracea. Injuries, from an economic standpoint, were 
confined to beets and spinach. 

January 26, the beetles were common on spinach and a few specimens were feeding 
on lettuce. The lettuce was in a row adjoining the infested spinach and it is more 
than probable that the beetles do not feed on this plant except in rare cases. 

Following a ‘‘norther” in January a number of beetles were found under dry cow 
‘‘chips” where they had gone for protection. Several females had deposited their 
eggs under these; doubtless because they were unable to retain them until reaching a 
more suitable place. In most cases these eggs were a considerable distance from any 
food and the larvee, on hatching, must certainly have starved. During this month 
eges were found in the soil at the base of amaranth plants, placed in clusters quite 
close to the surface. 

March 6, the beetles occurred in considerable numbers on spinach and beets, the 
leaves of which they had badly riddled; a few were present also on lettuce. Many 
were mating and eggs were found. No larvee were observed. Females confined 
March 6 deposited a large number of eggs on March 7, which hatched on the 17th. 

During April the beetles were fairly common and were scattered on several food 
plants. Purslane seemed to be the favorite wild plant. April 2, nearly mature 
larvee were observed in some numbers on the underside of spinach leaves. 

May 10 the adults occurred in moderate numbers and were feeding in company 
with Disonycha abbreviata Melsh. on the tender foliage of Amaranthus retroflecus and 
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A. spinosus. <A cluster of eggs was found in the loose soil at the base of a plant of 
Amaranthus spinosus. From a female confined at this date the following record was 
obtained: 

May 12, eggs deposited to the number of 49. 

May 16, eggs hatched. 

May 25, larvee burrowed into soil. 

May 27, first larvee pupated. 

June 1, first adults developed. 

June 2, adults left cells. . 

The periods were as follows: Egg stage, 4 days; larval stages, 11 days; pupal stage, 
5 days, or a total of 20 days from the time the eggs were deposited until the adults 
developed. 

The female which was confined May 10 deposited another cluster of 40 eggs on 
May 14 and died May 20. 


METHODS OF CONTROL. 


The remedies to be observed for this species naturally are practi- 
cally the same as for the related spinach flea-beetle. These consist 
in applications of the arsenicals, either arsenate of lead or Paris 
green, In accordance with the instructions given in Circular No. 87 on 
the Colorado potato beetle. In addition to spraying it is advisable 
to keep down the natural food plants of the species, especially purs- 
lane and chickweed, and to spray these also, as well as the beets and 
spinach, when the latter are affected. 
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SOME INSECTS INJURIOUS TO TRUCK CROPS. 


THE LIFE HISTORY AND CONTROL OF THE HOP FLEA-BEETLE.? 
(Psylliodes punctulata Melsh.) 


By WILLIAM B. PARKER, 
Collaborator. 


INTRODUCTION. 


The most injurious insect attacking the hop vines in British 
Columbia is the hop flea-beetle (Psylliodes punctulata Melsh.), which 
is widely distributed over the northern part of the United States and 
extends into the southern part of Canada. Although this beetle feeds 
freely upon rhubarb, sugar beets, and certain truck plants, it was not 
known as a notably serious pest until a few years ago, when it began 
its depredations in the hopyards of the Chilliwack and the Agassiz 
valleys in British Columbia. 


ECONOMIC IMPORTANCE. 


According to Mr. H. Hulbert, Sardis, British Columbia, the hop 
flea-beetle was present in the Chilliwack Valley when he began to 
grow hops there in 1894. However, it made no perceptible increase 


“This investigation against the hop flea-beetle was made possible through the 
good offices of the E. Clemens Horst Hop Company, and particularly their 
general manager, Mr. Theo. Eder. This company is the largest grower in the 
section concerned, and fully appreciated the necessity of inaugurating studies 
looking to the control of the insect. At the request of this company Prof. H. J. 
Quayle, of the California experiment station, spent some time in the infested 
section in the summer of 1908, during which time the earlier stages of the insect 
were first made known. The writer began work under his direction the 1st of 
January, 1909, and continued the work on the problem until the following fall, 
when Mr. Quayle again took the field, closing up the studies at the time of the 
harvesting of the hops. 


Norre.—This publication is, in large part, supplementary to an article entitled 
“The Hop Flea-Beetle,” issued in May, 1909, as Bulletin No. 66, Part VI. It is 
necessarily of a more practical nature, and it is hoped that it will be of great 
value to the hop growers of the West, and that it will also have some value to 
the growers of sugar beets and various vegetables, including especially root 
erops grown in the same region.—l", H, Chittenden. 
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and did very little damage to the hop vines until 1903. During that 
spring the beetles appeared in large numbers and held the vines back 
for some time, but by the persistent use of tarred boards they 
were kept in check and the crop saved. During the seasons of 1904— 
1908 the beetles gradually increased in numbers, reaching their maxi- 
mum destructiveness in 1908. 

As soon as the hops began pushing through the ground the beetles 
were observed swarming around the vines, giving the soil in the 
immediate vicinity a black, metallic appearance. These swarms of 
flea-beetles devoured the hop shoots as fast as they appeared, and in 
places where the vines were a foot or more on the string the attack 
was so severe that in a few days the field looked as if it had been 
burned over. This infestation resulted in a loss of about 75 per cent 
of the crop in the Chilliwack and 
Agassiz valleys. 


LIFE HISTORY. 


THE EGGS. 


Descriptive.—The eggs of Psylliodes 
punctulata (fig. 8) are one-third of 
a millimeter long, about one-half as 
wide, ellipto-cylindrical in shape, and 
quite yellow in color. They are very 
hard to distinguish, unless in clusters, 
without the aid of a hand lens, and 
when mixed with soil it is almost 1m- 
Fic. 8.—The hop flea-beetle (Psyl- possible to find them. 

liodes punctulata) : Eggs. Greatly Where laid—Beetles which were 

enlarged. (Original.) : : 5 

confined in lamp-chimney breeding 
devices were observed to oviposit upon hop leaves and pieces of 
paper and upon the sides and bottoms of the chimneys. One morn- 
ing, upon moving a cage which had a cheese-cloth base, the writer 
discovered several hundred eggs which had been deposited between 
the cloth and the table. As this appeared to be an excellent way to 
obtain eggs in large numbers, several cages were accordingly fitted 
up, and to make conditions as natural as possible, were placed over 
moist soil. Hundreds of eggs were obtained in this manner and 
were in a very convenient situation for handling. In order to obtain 
egos under more natural conditions, large numbers of beetles were 
confined in tin cylinders which had been sunk in the soil inclosing 
the roots of a vine. Two weeks later when the soil in these cylinders 
was examined, eggs were found 14 to 2 inches below the surface. A 
few single eggs laid in the field were observed near the base of a 
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vine and about 14 inches down in the soil. Although conditions 
such as the looseness and water content of the soil may cause a 
variation in the depth, and the lack of cultivation, in the distance 
that they are placed from the vine, the above is probably the average 
position for the eggs deposited in the field. 

Arrangement.—Egegs obtained under laboratory conditions were 
deposited both singly and in clusters of from 2 to 8, but with no 
regular arrangement. All the eggs which were observed in the field 
were found one in a place, but some of them are probably laid in 
clusters under natural conditions. 

Conditions favorable for incubation.—The eggs which were found 
in the field were in moist soil, and those which were kept under like 
conditions in the laboratory hatched in due time. On the other hand, 
eges which were allowed to dry soon died and shriveled up. A 
moist, warm soil appears to be the most favorable condition for 
incubation. : 

Time of incubation.—Several hundred eggs which were obtained 
on the cheese cloth were placed in black satin bags and buried. in 
moist soil, both in the laboratory and in the hopyard. These eggs 
required from 19 to 22 days to incubate; those in the field hatched 
a little sooner than the ones in the laboratory. This difference in 
time may be explained by the fact that the soil in the yard was 
heated by direct sun rays, while that in the laboratory was not. 

Hatching process—The eggs of this beetle change but little in 
general appearance during the first thirteen days of incubation. 
After this period a transparent place appears near one end, and a 
few days before hatching this spot turns dark. In emerging, the 
larva evidently breaks its way out through the side of the egg, for a 
longitudinal sht was observed in all empty eggshells. 


THE LARVA. 


Description.—When it first emerges from the egg the larva is a 
delicate, slender, white, grublike creature, about one-half millimeter 
in length. After a few hours it turns gray, the head darkens, and a 
dark patch appears on the last segment of the abdomen. The larva 
(fig. 9, @) grows slowly, passing through several molts, and when full 
grown is about 5 millimeters in length and three-fourths of a milli- 
meter in diameter. When it first emerges from the egg it is very 
active and crawls through the soil at a rapid rate, but as it grows 
this activity gradually decreases, and when the last stage is reached 
it is little able to crawl about. 

Length of larval stage —To determine the length of the larval stage, 
many beetles were confined around hop vines, in an uninfested area, 


for three days and were then removed. When observed at a later 
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date larvee were found in the soil, and when these. were apparently 
ready to pupate some of them were placed in vials of soil and ob- 
served daily. A few of these larvee pupated and from these data the 
length of larval life was found to be about 35 days. This time checks 
up very well with the other observations made in the field. 

Pupation—This insect does not form a distinct pupal cell, as is 
the case with some other coleopterous larvee, but when full grown 
ceases to feed, contracts greatly in length, and enters a long somnus, 
the prepupal stage. The larva remains in this stage from 11 to 14 
days, and then transforms to a true pupa (fig. 9, 6, ¢) with free 
appendages. 


Fic. 9.—The hop flea-beetle : a, Larva; b, pupa, ventral view ; c, pupa, dorsal view. Much 
enlarged. (Original.) 


THE PUPA. 


Description.—When the pupa is formed it is pearly white in color 
and is much like the adult beetle in form. The sheaths for the adult 
appendages are free from the body, and the legs, wing-pads, and an- 
tenne, although folded up, may be easily distinguished. The pupa 
of this flea-beetle is not very delicate, as was shown by the fact that 
a number of them were removed from the soil for daily examination 
during a period of eight days, without injury. 

Duration of stage and transformation to adult——The true pupal 
stage lasts on an average 16} days. The first evidence of transforma- 
tion is the appearance of color in the eyes; then gradually the mandi- 
bles, tibial joints, and antenne become dark in color, the legs turn 
light brown, and the elytra move to the back. When this condition 


is reached the beetle is able to crawl about. It does not get out of 
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the soil, however, until the head, thorax, and elytra have colored, 
which requires from 12 to 14 hours. The beetle is then of a dull 
blue-black color, but 
after it has been in 
the sunlight for a few 
days it becomes quite 
bronzy in appearance. 


THE ADULT. 


The adult is a dark, 
smooth, bronzy-black 
beetle of the family 
Chrysomelidxe, —one- 
twelfth to one-tenth 
of an inch (1.5 to 2.5 
mm.) long and about 
half as wide. The 


male and female are Fic. 10.—The hop flea-beetle: Adult beetles, showing 
alike in general ap- relative sizes of female and male. The male has the 

wing covers slightly spread. Much enlarged. (Original.) 
pearance except as to 


size, the male being distinctly smaller than the female (see fig. 10). 
The hind thighs, by means of which the beetle jumps, are strongly 
developed, hence the 
name “ flea-beetle.” 
The specific name 
punctulata refers to 
the punctulate or 
pitted condition of 
the head, thorax, 
and elytra. This 
beetle should not be 
confused with L'p- 
trix subcrinita Lec., 
sometimes collected 
with the hop flea- 
beetle on potatoes, 
which, although 
much like Ps. punc- 
= tulata im general 


Fig. 11.—The hop fiea-beetle : Ovipositor of female. Highly appearance and in 
magnified. (Original.) 


the possession of the 
punctulate condition of the thorax and elytra, is smaller and is 
covered with hairs. 


32199—Bull. 82, pt. 4—10 2 


38 SOME INSECTS INJURIOUS TO TRUCK CROPS. 


Time of reaching maturity.—After the adult has emerged from 
the pupal state between 12 and 24 hours are required for coloring 
and, perhaps, as much longer for it to work its way out of the soil. 
Beetles which appeared to be not over 4 days old were found in 
copula and, judging from these very unsatisfactory data, about 6 
days would be required for the beetles to become fully mature. 

Copulation.—Copulation was observed at all times of the day and 
even at night. Morning seems to be preferred, for more pairs were 
observed between 8 and 12 o’clock than in the afternoon. Although 
some remained together but a short time, others required three- 
fourths of an hour, and one pair which was closely watched took 50 
minutes for the operation. As long as there were beetles in the 
field pairs were to be found, and Mr. Hulbert states that he has 
observed them in copula up to the time that they went into hiberna- 
tion in the fall. 

OvipositionWhen ready to oviposit, the female works her way 
down into the soil until she reaches the moist layer, where she lays 
her quota of eggs. Although this operation of egg-laying was not 
observed, the fact that the eggs were deposited through cheese cloth 
and even light cotton cloth leads the writer to belheve that the long 
ovipositor (fig. 11) is worked into the firm soil before oviposition. 
The eggs would thus be concealed to some extent from predaceous 
enemies. 

Number of eggs and rate of egg-laying.—Beetles captured in 
copula and confined in vials laid from 4 to 18 eggs. Three pairs 
copulated again after ovipositing, but only one female laid eggs 
after this second copulation. Table I illustrates the number and rate 
of egg-laying as indicated by beetles kept under laboratory condi- 
tions: 


TABLE I.—Number of eggs and rate of egg-laying of the hop flea-beetle. 


Number Number 
Adult : age Dates first eggs | -_. Dates second 
No. Dates of copulation. aa ibKGl: ansteeeee eggs were laid. sceriatal Death. 

1909. 1909. 1909. 1909. 

1 | April 22 and May 2..... Mayle et Loa} MavsS) cesee pafeie| 5 (@) 

Do (Misys eee cs cee etc Manvel OSes (iy eee Seema socrm aeellecaanun onc May 20. 
ye rehals}2 Ye OAS Ae comes mcarsecic JUN CIS ieee s-e)-e er Z| PUNCIO See eecees 10 | June 19. 
At) JuNe 4 yanadi9) = eee PUNE Ose LR see aa eteee ac aisfe eer eerste June 14. 
Bo jinersers QOKe Fass os nee ee | sees OKO Gacsocaae PLS | 3 Sc eaee Me tecenicaia| ese emeeee June 16. 
5 | Sumer 4c 5 5-5 eee ase ect |sreters OO we se2: cere ie orumne to aa 7 | June 19. 
Chal lapece OO ge eee econo dOgee sees TAN SES sackec eee cal ase eee June 15. 
Cy al ene OO Ree Beans a cormerne June Oks-eeses- OM eee as oon ener eric seers June 16. 
On eee elo peeter Cha aes Sllia dss Oe eo ceseeee Siac ska Seema cee eal eee ee meee June 15. 
10) 25560 dOite seek apes eee QAUITMO 2 epee eee 10M Baeonetcasconoeedslpsdsabeuse June 16. 
iil ol eee O65 ae eee See: doe. eee Ar, oe se el 8. ee, Neen Sarat June 19, 

a Lost. 


Length of life of the beetle—The length of life of the hop flea- 


beetle is quite variable. Several lots of newly emerged insects which 
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were brought into the laboratory died within a week. Another lot, 
brought in May 11 and placed in a lamp chimney, lived well into 
July, the last individual surviving until August 22. This was an 
exceptional case, the average length of life being between three and 
six weeks. 

HABITS. 


THE LARVA. 


Where found.—Most of the larve were observed to be within 18 
inches of the base of the vine, the number increasing as the vine was 
approached. A_ few, 
however, were taken 
between the rows, 
among the roots of 
chickweed and lambs- 
quarters, and even in 
well cultivated parts 
where no weeds were 
growing. The surface 
soil of the hopyards is 
filled with delicate 
rootlets (fig. 12) and 
the larvee find sufficient 
food almost anywhere. 

Depth in soil—In 
order to determine the 
average depth at which 
the younger stages may 
be found, the earth 


was taken up around 


the base of a Vine in Fle. 12.—Filamentous roots of hop vine on which the 
hop flea-beetle larve feed. (Original.) 


3-inch layers, and the 
larve in each layer counted. The results are as follows: 


No. of laryze 


Depth ot soil. found. 
U8). MGT. ee se 2h eg Oe Os Ske ROR Pee cD 6 
SOM ChCGEte. ee kitee Skew ee). 2 el ie eee 21 
GO SIN CIC Sie eh eee Sa a ge TF 
a NT AT Ch CS ees ee mee DA REE BLE a as SE te Se ey 1 


Although some few may be found above and some below, from 2 
to 7 inches is the depth at which one may expect to find the majority 
of the larve. 

Conditions favorable——The soil in which the larve were found 
varied from a light sandy loam to a very heavy, almost adobe condi- 
tion. 
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The moisture conditions which are favorable were determined in 
the laboratory. The larvee lived in soil that was quite wet, but when 
it was saturated they were drowned. On the other hand, a slightly 
moist soil seemed most favorable, and when it dried out they soon 
died. Any soil with a moderate moisture content appears to be favor- 
able for the growth of the larvae, the texture having no influence 
whatever upon them. 

Food.—The majority of larve are located close around the hop 
vine where the soil is filled with tender filamentous roots (fig. 12). 
A few, however, were found around the roots of lambs-quarters, 
chickweed, and mangel. All of these tender rootlets, and perhaps 
many others, are fed upon by the larve. 


THE ADULT. 


Food plants —The hop flea-beetle has been observed feeding upon a 
large number of plants. Some of these are distinctly preferred ; 
others are accepted after the beetles have fed upon the hop or mangel ; 
and still others are attacked in the field, but not after the insects 
have eaten of their preferred food plants. 

A series of experiments was conducted to determine which plants 
were preferred and their order of preference. Beetles were confined 
on several species of plants, and each day when fresh food was sup- 
plied the species which was eaten the most was left out. Thus by 
elimination the order of preference was obtained. This order for 
beetles captured on the hop was found to be quite different from that 
for beetles captured on the mangels, as is shown by the following 
list : 

TABLE II.—fFood plants of the hop flea-beetle. 


In order of preference of beetles taken from In order of preference of beetles taken from 


the hop. the mangel. 

Hop (Humulus lupulus W..). Nettle (Urtica dioica L.). 
Nettle (Urtica dioica L.). Rhubarb (Rheum officinale Baill.). 
Tomato (Lycopersicum esculentum Radish (Raphanus sativus L.). 

Mill.). Mustard (Brassica nigra 1.). 
Mangel (Beta vulgaris Moq.). Lambs-quarters (Chenopodium  al- 
Radish (Raphanus sativus L.). bum 1..). 
Mustard (Brassica nigra L.). Mangel (Beta vulgaris Moq.). 
Lambs-quarters (Chenopodium al- Hop (Humulus lupulus L.). 

bum T..). Watermelon  (Citrullus vulgaris 
Watermelon  (Citrullus vulgaris Schrad.). 


Schrad.). 
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SECOND CLASS.% 


Rhubarb (Rheum officinale Baill.). Tomato (Lycopersicum esculentum 
Potato (Solanum tuberosum 1.). Mill.). 

Pigweed (Amaranthus retroflerus L.). Potato (Solanum tuberosum L.). 
Dock (Rumex obtusifolius L.). Pigweed (Amaranthus retroflexus L.). 
Sorrel (tumex acetocella L.). Red clover (Trifolium pratense L.). 
Red clover (Trifolium pratense 1L.). Dock (Rumex obtusifolius L.). 


Sorrel (Rumex acetocella L.). 


Finding that the beetles did not care for certain plants after they 
had fed upon hop or mangel, an attempt was made to starve them 
to the food which was apparently most dishked. A large number of 
beetles were accordingly confined with red and white clover and with 
sorrel. Although the blossoms of the white clover were slightly 
attacked, the beetles finally starved to death on these plants. 

Portions of plants attacked.—During the spring and early summer 
the beetles fed upon the shoots and tender buds and ate holes the size 
of a pin head in the leaves. (See Plate III.) In cases where the 
leaves were very thick the lower surface tissues were left. These, 
however, soon dried and fell out, leaving a clean hole which, as the 
leaf expanded, became larger, sometimes reaching one-fourth of an 
inch in diameter. In feeding upon the hop plants, the beetles dug 
small pits in the shoots, which when the attack was severe caused the 
death of the stem. In the fall the beetles climb the trellis poles and 
crawl along the vines until they reach the hop cones, of which they 
are very fond. 

Destructive power by feeding—When the beetles appear in large 
numbers they will devour a plant completely. In the spring of 1908 
they kept the yards bare until the last of June or the first of July, and 
when the mangels were coming up the beetles damaged them so 
severely that one planter found it necessary to sow three times in 
order to get a stand. In the fall, after the hopyards were cleaned up, 
the beetles migrated to the nettles along the fences and completely 
devoured them. The beetles were at this time in exceptionally large 
numbers; under ordinary conditions their attack is not so severe.’ 

Activity and migrations.—The flea-beetles that have just emerged 
are soft and sluggish and are readily picked off of the vines with the 
fingers. Within a few days, however, they become very active and it 
is then almost impossible to catch them in the hand. During the 
spring and summer of 1909 the beetles migrated little, if at all. The 
infested regions did not enlarge or change from the time that the 
beetles appeared in the spring until they disappeared in July. The 


aPlants of the second class are eaten very slightly, unless the beetles are 
starved to them. 
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insects were not observed to leave the vines unless disturbed, and the 
probability is that unless the food gives out they do not migrate dur- 
ing this season. It has been repeatedly observed by the hop growers 
of Chilliwack and Agassiz valleys that yards which were badly in- 
fested one summer would be almost free from beetles the next, while 
the adjoining yards which were not attacked the preceding season 
would be severely damaged. One explanation of this is that the 
beetles, having eaten up all the food remaining in the yards after the 
vines have been burned, migrate to the adjoining block, hibernate 
there, and emerge in the spring. As the beetles were not observed 
moving about during the spring and summer this is the only prob- 
able time of migration. 

Activities at night.—The beetles go into the bud scales or down 
under the clods at the base of the vine on cold nights, but when mild 
weather approaches they remain on the leaves. They were observed 
to move about slightly, but are very much less active than during the 
day. 

Flight.—When disturbed during warm weather the beetles occa- 
sionally spread their wings as they jump, and fly back to about the 
same place they started from. General flight is seldom indulged in, but 
during the last of April those which were disturbed by the Bordeaux 
spray circled around at an elevation of about 4 feet for a few minutes, 
then settled down. This was the only time when beetles were observed 
on the wing. 

Protection by concealment.—On cold spring days some of the beetles 
crawl down into the opening buds of the hop or nettle. Here they are 
protected from the weather and may feed upon the tender buds which 
are their choicest food. When the leaves have expanded beetles will 
be found on the under surface, and in very cold weather under the 
clods at the base of the vine. Although some are thus concealed dur- 
ing the active season, the majority remain on the upper surface of the 
leaves. 

Protection by locomotion.—When disturbed the beetles jump from 
the vine and fall among clods or rubbish where they are not readily 
seen. They do not feign death as some other beetles do, but spread 
out their legs, right themselves, and after a short pause, begin slowly 
to move about. The distance that they jump depends somewhat upon 
the height from which they start. Horizontally they can leap about 
a foot and a half, and about 10 inches in a vertical direction. 


SEASONAL HISTORY. 
LENGTH OF LIFE CYCLES. 


Judging from observations on the appearance of beetles in the 


field, the lengths of the life cycles of the spring and summer genera- 
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tions are about equal. In order to obtain the entire life cycle, the 
6 days’ interim between the emergence of the beetles as adults and 
copulation, and also the 6 days required for the eggs to mature, must 
be added to the 72 days which are passed in the egg, larval, and pupal 
stages. In adding these, we have 84 days, or 12 weeks, as the length 
of the life cycle. 


NUMBER AND TIME OF APPEARANCE OF BROODS. 


There are two distinct broods of beetles in the Chilliwack and 
Agassiz valleys. One emerges in the early spring and the other in 
the latter part of July or the first part of August. 

The first generation appeared very suddenly and in large numbers 
between April 25 and May 10. The appearance and devastation in 
the Agassiz yard was particularly startling. On April 24 the vines 
in this yard were almost ready to train onto the string and were only 
shghtly damaged by the beetles. April 28 this yard was literally 
alive with the “ fleas,” in some places there being as many as 50 or 
60 to the vine. The leaves were entirely eaten away and many of 
the terminal buds were killed. Although this did not ruin the shoot, 
it caused a very undesirable branching. Beetles continued to emerge 
at Chilliwack in large numbers until about May 10, after which only 
a few belated individuals came out. 

The first and second generations are very distinct. The first brood 
was in its maximum numbers about the 1st of June, but after this 
the insects gradually diminished and had entirely disappeared by 
July 20. The second generation began to emerge about the 25th of 
that month, but were not present in large numbers until about 
August 10. These beetles live through the fall and winter, emerge 
in the spring, and deposit the eggs which produce the first generation 
of the next season. 

MULTIPLICATION. 


According to observations made upon the number of eggs and rate 
of egg laying, the maximum number of individuals coming from a 
single pair in the first generation would be 18. If all of these sur- 
vived and produced the maximum number again, the second gen- 
eration would amount to 162 beetles. The average number of eggs 
laid may be below 18, and a large number of larvee are destroyed by 
predaceous enemies in the soil, so that the few beetles which winter 
over will not necessarily produce an overwhelming number in the 
second generation. 

HIBERNATION. 


ENTRANCE INTO HIBERNATION. 


When cool weather comes in the fall the beetles begin to hibernate. 


They do not travel far from where they chance to be, but enter the 
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first favorable place that they find. This early hibernation is usually 
temporary, and when the first warm day comes they emerge from 
their hibernating places and hop around on the ground, retreating 
again when it becomes cool. 


PLACES OF HIBERNATION. 


During the winter the beetles were observed hibernating in cracks 
in the trellis poles, under the string of the string pegs, in the hollow 
vine stubs, in the grass and weeds, and in the soil. 

Beetles in poles—The beetles were first observed to be hibernating 
in the trellis poles. By lifting the slivers they were found wedged 
between the slivers and the solid wood, some were dug from rotten, 
porous portions of the poles, and a few were observed under the bark. 
Many were found in the deep cracks, but the largest number were 
under the slivers and in the rotten wood. As shown by Table III 
the majority of beetles hibernated close to the ground. They ac- 
cepted the first shelter that they came to, and some even entered 
slivers and crawled down below the surface of the soil. 


TABLE III.—Position of hop jlea-beetles in the poles. 


PIinst fO0ts 225252. PE ee A Ee ee Ee 182 
Sécond odt2 22 tsk Se ee Be a ee ee a eee lay) 
EUNNTRGL OO Esa tee pe Re ee fe ee 79 
Pourthsfootts 222 SY 12. eee ee Se eee 33 
atest 0 tis ee ee al aye ee 4 
hs f>:-¢] 8a We i 0 0 cept apenas CO AE ae Aly Es ne een Te ie EE ees 6 
SE Vem thy sto Gee Ls a ae eee ee ro ie Lee ae ee 0 
MOTTA MUM ECHO TL eA =) COU CS eee ea ae ear re a ee cca 456 
INumberxo£  polesacoun ted =a s.5 ls tela ee eee ee ee 74 
Average numbervof beetles per polel2=2 2 6.16 


In November, 1908, several poles were taken into the hop kilns and 
heated in order to bring out the beetles that were hibernating 
therein. Most of the poles contained small numbers of them, but in 
one badly splintered pole were found 490 beetles. These results 
led the hop growers to believe that a large majority of the hibernat- 
ing beetles were in the poles. In investigating this point the writer 
had four average poles taken into the kilns and heated. Only 19 
beetles were found in these 4 poles. These, together with other 
results obtained from extensive field counts, proved conclusively that 
the number of beetles which were hibernating in the trellis poles 
was not dangerously large. 

Beetles in the vine stubs.—The hollow vine stubs which are left 
when the vines are cut and burned in the fall are very favorable 


hibernating places, and as many as 16 beetles have been found in a 
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single stub. Many stubs do not contain beetles, however, and the 
average is very much lower. A few beetles were found in the cracks 
of the pith of pigweed and in some hollow-stemmed plants, but the 
most frequented place of this sort is the hollow vine stub. Table IV 
illustrates the number and condition of the beetles in the stubs: 


TABLE 1[V.—Number and condition of hop flea-beetles taken from vine stubs. 


Average | Average = Bale 
= .» | Number Number | Number A 
Number | number | number of : ; Per cent | Per cent 
Date. - of stubs. pe ee teB lof beetles} beetles pi peers eae dead. alive. 
* | per kiln.| per acre. cae: | Nes 
1909. 
February 1.......- 219 354 | 10. 01 GC MeH EW) |lsecesoncos Pessoacecd| baoosecnan|sscescacse 
Dowse- Bu 89 216 | 7.32 WADA Vial Bese ssne nasooecera bodes seeee| pooeraacee 
February 4 320 Ga aoaciscopar seoseeaeas ae 118 | 216 30. 32 64. 68 
February 10. 340 265 | 2.31 2, 057. 90 97 243 28.81 70.19 
February 20 324 93 | 88 783. 20 37 56 39. 78 60. 22 
Does: 330 133 1. 23 1, 094. 70 61 | 72 45. 86 54.14 
March 1 457 813 7.08 6, 301. 20 292 | o21 35. 88 64.12 
March 8 161 331 | 8. 20 7, 298. 00 106 | 225 32. 02 67.89 
March 9 241 327 | 5. 40 4, 806. 00 137 188 42.20 57. 80 
March 10 288 397 5. 48 4, 877. 20 108 289 27. 20 72. 80 
March 16 : 231 323 | 5. 56 4, 948. 40 114 | 209 35. 29 64.71 
1D Oh Ieee eee 155 292 | 7.42 6, 603. 80 118 | 174 40. 41 59. 59 


Beetles in string pegs —The cedar pegs which are used in stringing 
the yards are usually left in the field when the yards are cleaned up 
in the fall. The soft string which often remains on the peg affords a 
splendid place for the beetles to spend the winter, and many were 
observed taking advantage of it. 

Beetles in grass and weeds—In the grass and weeds of uncultivated 
yards and along the borders of other yards the beetles were found 
hibernating in considerable numbers. They were situated just under 
the surface of the soil, but above the crown of the roots. They prob- 
ably seek the grass and weeds as a temporary refuge when the cold 
weather first sets in, and as the winter advances they either crawl 
down into the soil or it is washed over them by the early rains. 

Beetles in the bare soil—Many beetles were found around the poles 
and vines embedded in the bare soil. In one strip of soil 3 inches wide 
surrounding a trellis pole, 31 beetles were found; many were ob- 
served in the soil around the base of the vines and a few between the 
rows. They did not penetrate very far into the firm soil, the majority 
being found within the first half inch, but where the land was in the 
form of loose clods at the time that the beetles entered they crawled 
as far down as the openings went, and the rain, packing the soil over 
them, housed them 2 and even 3 inches below the surface. 

Method of finding beetles in the soil—sSince the beetles are very 
small and dark in color they are very similar to the particles of soil in 
which they are embedded, and to find them by digging around the 
roots of the grass is almost impossible. An attempt was made to 
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screen them out by washing the soil through cheese cloth. This was 
quite possible, but very slow, and while screening them out the writer 
observed the beetles floating on the surface of the water. This dis- 
covery suggested a very simple method of separating them. The 
soil was placed in a screen-wire box and washed in a pail of water. 
This broke up all lumps, and the beetles floating to the top were 
picked up with a pair of forceps. 


EMERGENCE FROM HIBERNATION. 


Artificial emergence.—In anticipation of the emergence of the 
hibernating beetles some experiments were conducted to determine 
the temperature at which they might be expected to appear and their 
actions when forced from their natural winter quarters. Beetles 
taken from frozen string-pegs were placed in lantern chimneys and 
beginning with 28° F. the temperature was gradually raised and the 
actions of the beetles noted. At 40° the antenne began to move 
slightly ; between 40° and 50° the beetles moved about slowly and if 
disturbed would jump a short distance. Between 55° and 60° the 
beetles were quite active and crawled around in the lantern chimney. 
Their activity increased as the temperature was raised until 105° 
was reached, at which point they gradually became inactive again. 
Table V illustrates the effect of temperature upon the beetles, begin- 
ning with that of the room and increasing to 146°. In this experi- 
ment the beetles were confined in a double tube with an air space be- 
tween and the temperature was raised gradually. 


TABLE V.—Emergence and activity of the hop flea-beetle in artificial temperatures. 


Number |. Room peer Greatest | pirst Hee | Time of 
Date. of in- |tempera- iced activity laa aie desta Ape experi- 
sects. ture. nee at— | 3 ; , ment 

1909. Sa i oF. | Sune ORE Minutes. 
WENN esac oepncdoacnsecT on’ 10 56 56 90 82 140 15 
Wi ade oleae a socade coaccr soncocr 10 56 56 90-100 90 146 15 
Deo Seadeseee ander sonncose 8 56 56 90-100 110 126 10 
IDO) ne anoboonooes dease Socene 10 56 56 98-100 114 1388 20 
IDs eecnascepadasé coomecedas 10 58 58 90-100 | 95 13 20 
NWN IS gs Hoaoeodsoesons seenSe 10 56 56 60-70 78 110 5 
ID Sob ocoeuadidaD a concoeada- 10 56 56 80-90 90 148 25 

IYO Sas cacdanoobeosoesaste 10 57 Bal Preece ater IN) a See soose Hetoboosee 


When beetles were thawed out they all became active between 40° 
and 45° F. When the higher temperatures were reached, however, 
there was a considerable difference in their susceptibilities to the 
change as may be seen by referring to Table V. Some of the beetles 
which were forced from hibernation were placed, on January 27, in a 


cage containing a young nettle plant. On February 8 several holes 
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the size of a pin head were observed in the nettle leaves and these 
beetles continued to feed until spring. The majority of the beetles 
were active whenever the cage was in the light and the temperature 
above 50°. They became inactive only when darkness approached or 
the temperature fell below 40°. The beetles were not observed to 
seek hibernating places when artificially emerged, unless conditions 
were unfavorable to activity. When put in a cool, dark place many 
of the beetles entered hollow vine stubs and pieces of corrugated 
paper which were placed in the cage for this purpose. Some, how- 
ever, were content with the cloth top and the glass sides of the cage 
for a hibernating place. 

Natural emergence.—On March 9 four beetles were seen crawling 
around on the sunny side of a trellis pole. These were the first that 
were observed emerging in the field. When warm days became 
more frequent the beetles appeared in numbers and fed upon the 
young nettles. They were very active and were observed copulating 
during the warmer part of the day, but when evening came they 
disappeared from view and did not come out again until the frost 
was all melted the following morning. Although some beetles 
emerged during the warmer days of March, the maximum number 
did not appear until April 15. After this they gradually diminished 
‘in numbers and by the 10th of May had nearly all disappeared. 


DISEASES. 
FUNGOUS DISEASES. 


Many of the beetles that were found dead in the hollow vine-stubs 
were covered with a white mycelium. When these beetles were 
placed in a moist chamber Penicillium glaucum and the hop-mold 
Spherotheca castagnei developed. 

No other fungous growths were observed by the writer, but Dr. 
C. S. McKee, of Vancouver, British Columbia, in a letter regarding 
some of his experiments with the hop flea-beetle, mentions a fungous 
disease in the following words: “ Before they began to die they were 
distinctly less active, and even before death some of them could be 
seen to have a fungous or mouldy growth on them, particularly under 
the wings.” Doctor McKee does not state what this fungus was, and 
it is quite possible that it was a Penicillium, as was found on the 
beetles in the field. Although Penicillium is known, under some 
circumstances, to become parasitic, the probability is that the bee- 
tles died from some other cause and that the fungus entered as a 
saprophyte. 
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BACTERIAL DISEASES. 

Beetles which were brought into the laboratory between the 10th 
and 14th of June died off in large numbers. They had a very sour 
odor about them which was not noticed around beetles which died 
earlier in the spring. This great mortality, accompanied by the sour 
odor, indicates the possible existence of a bacterial disease. An 
endeavor was made to determine this point, but the beetles in the 
check cages died as rapidly as those which were exposed to infection, 
and no conclusion could be drawn. 


PARASITES AND PREDACEOUS ENEMIES. 


No parasites attacked the beetles during the spring generation, 
and none has so far been observed on beetles in British Columbia. 

Although the adults have no known predatory enemies, with the 
possible exception of some birds, the younger stages, especially the 
larve, are subject to the attack of several creatures. The larva of 
one of the Carabide was quite plentiful in the soil, and under 
laboratory conditions was observed to feed voraciously upon the flea- 
beetle larvee. Two species of centipedes were also numerous, but only 
one was observed feeding upon the larve. This species was very 
common in the hopyards and probably destroyed a large number of 
beetle larvee. 


CONTROL MEASURES. 


The fact that the beetles hibernate in the soil as well as in the poles, 
vine-stubs, and string-pegs, that the younger stages are all passed 
beneath the surface of the soil, and that, when they emerge, the adults 
are not readily killed by arsenicals or by contact insecticides, made 
the control problem at first appear to be a difficult one. During the 
spring and summer every feasible method of control was carefully 
tested, and of the following measures the application of tanglefoot 
and, under some conditions, the use of the sticky shield have proved 
to be the key to the flea-beetle problem. 


THE TARRED BOARD OR STICKY SHIELD. 


The hibernating beetles, unless in unusually large. numbers, will 
not require any attention, but the sudden appearance of the first 
generation just before the vines are trained may require the use of the 
tarred board or sticky shield. 

The tarred board which was used during the spring of 1909 was 
made by stretching a piece of 8-ounce canvas over a light wooden 


frame, 4 feet long by 3 feet wide. A 4-foot strip attached to the 
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middle of the board and braced by an upright to the rear edge forms 
a handle. The canvas was then coated with tar; hence the name 
“tarred board.” 

During the first part of the season a tarred board was placed on 
each side of a vine and the beetles jarred off with a bunch of grass. 
This was slow work, and it was found by actual count that 85 per 
cent of the beetles that were on the vines could be captured by placing 
a single board on the leeward side of a vine. The beetles are thrown 
onto it with a single sweep of a large brush (PIL. IV, fig 1). This 
method reduces the cost of going over the field one-half, and twice 
the acreage can be relieved in the same length of time. 

Although effective as a flea-beetle catcher, this tarred board is a 
heavy and awkward thing to handle. A lght shield which promises 
to be as efficient as the heavy tarred board is made of light galvanized 
iron, 3 feet wide and 2 feet high, the top of the iron being tacked 
around a curved board to hold it in shape. A piece of screen wire is 
fastened on the inside to prevent the oil from running down, and to 
make it fit close around the base of the vine a curved notch is cut in 
the bottom. The shield is operated by means of a hose-covered wire 
handle which is attached between the center of the iron and the mid- 
dle of the top board. 

The handle is held in the left hand, and, steadying the shield with 
the right, the notch is placed close to the base of the vine. Then, 
holding the shield at an angle of about 45°, the beetles are brushed 
onto the screen with a large feather duster (Pl. IV, fig. 2). 

Brushes.—During the first of the season many sorts of brushes were 
tried. Leafy birch twigs made a very effective brush, but did not last 
long; grass was not rigid enough, and broom straw was too stiff. 
The best green brush was made of young fir or cedar boughs. These 
form a screen as well as a brush and last all day. Cutting twigs and 
making brushes, however, becomes expensive, so that a large feather 
duster proves to be cheapest in the end. 


TARRED SLEDGES. 


When the second generation of beetles appeared in 1908, tarred 
sledges 8 feet long and wide enough to fill the spaces between rows 
were used to advantage. Eight or 10 of these sledges drawn by 
horses were run parallel with each other and the beetles jarred down 
upon them. A lighter sledge. (fig. 13), drawn by a man, was devised 
in 1909, but since the tanglefoot has proved so effective this sledge is 
unnecessary. 

Crude oil or tar—Both crude oil and tar are effective when used 
on shields or sledges. Tar has more disadvantages, for on cold days 
it is very thick and on warm days dries rapidly, and in either condi- 
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tion may not catch the “ fleas.” On the other hand, the oil is always 
sufficiently liquid and does not dry. Neither substance injures the 
vine, and, although crude oil is the most satisfactory, the tar does 
very well. 

BANDING WITH TANGLEFOOT. 


It was observed during the season of 1908 and also in 1909 that the 
beetles did not fly or jump upon the vines, but crawled up the stems. 
This fact suggested the possibility of keeping them down by means of 
a sticky band, and a number of experiments were conducted along 
this line. 


ic. 15.—Hindoo using tarred hand sledge for capture of hop flea-beetles. (Original.) 


Fearing that the tanglefoot might injure the tender vines if it 
was applied directly to them, cotton was first wound around the 
stems and the tanglefoot smeared over that. The bands were placed 
2 feet from the ground, and all near-by leaves removed to prevent the 
formation of a bridge. Two weeks later the leaves below the bands 
and all of the leaves of unbanded vines were completely riddled by 
the beetle, while the leaves which were above the bands were un- 
touched (fig. 14). 

Tt was found that the tanglefoot does not injure the epidermal 
tissues and can be apphed to the most tender vines. This fact has 
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Fig. 1.—HINDOO USING TARRED BOARD AND EVERGREEN BRUSH TO DESTROY Hop 
FLEA-BEETLES. (ORIGINAL.) 


Fic. 2.—METHOD OF USING LIGHT STICKY SHIELD AND FEATHER DUSTER IN COMBATING 
THE Hop FLEA-BEETLE. (ORIGINAL.) 
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greatly simplified the operation and has made banding much more 
practical. 

Since the beetles can not crawl over the bands the vines are per- 
fectly protected. In case the beetles are numerous when the vines 
are first trained, the tanglefoot may be applied at that time, or if 
the beetles are not troublesome during the first generation it may be 
applied after the vines are stripped so it will be ready for the second 
brood. In that case, however, the poles must be banded as well as 
the vines, for the beetles have a habit of climbing the poles and crawl- 
ing along the wires, where they do much 
damage to the hop cones. 

Effect upon the beetles—The tangle- 
foot bands not only keep the beetles off 
of the vines but a large number of them 
are caught in it. In places where the 
beetles were very thick, hundreds of 
them became entangled in it and in some 
instances so many got caught that they 
formed a bridge over which the others 
crawled. Beside being killed by coming 
in contact with the tanglefoot, many are 
starved to death by being kept away 
from the hop-leaves. This was espe- 
cially true in the yards that were kept 
well cultivated and all suckers cut away. 
If the weeds are not allowed to grow in 
the yards and the vines and poles are 
well banded, most of the beetles will 
either be caught in the bands or starved 
to death, the remainder going into win- 
ter quarters in such poor condition that 
there will be few beetles the next spring. Fic. 14.—Banded hop vine, show- 

A pplication.—It Is necessary to get ae Ne the band: (oc 
the tanglefoot well into the spaces be- 
tween the two vines, the simplest way to accomplish this being 
to apply it with the hands. <A section about 6 inches long should 
be coated with the tanglefoot, care being taken that no parts are 
missed and that no leaves are left to form a bridge across it. A 
strip around each pole about 3 feet from the ground should be 
trimmed off with an ax, so that the tanglefoot may be applied easily. 
A small paddle about 2 inches wide is the best thing with which to 
apply the tanglefoot to the poles, for only a narrow band is needed 
there. The amount of tanglefoot used per acre varies according to 
the number of poles and vines. In one yard where the trellis poles 
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were rather close together, 10 pounds were used to the acre. Al- 
though the tanglefoot is apparently very disagreeable material to 
apply, it is easily washed off the hands with a little kerosene or even 
with soap and hot water. 


DESTRUCTION OF HIBERNATING BEETLES. 


In poles—Since a large number of beetles were found hiberna- 
ting in places where they might be attacked, it was believed advisable 
to destroy them. The slivers on the trellis poles, under which the 
beetles were hibernating, were struck with an ax, forcing them back 


Fig. 15.—Killing the hop flea-beetles in the poles. (Original. ) 


against the solid wood, and thus either crushing the insects or jarring 
them out. A tarred board was made which fitted close around the 
base of the pole and caught all the beetles which fell down (fig. 15). 
The rotten parts of the pole were chopped off and burned. Any 
beetles which fell out during this operation were caught on the tar, 
and the fire destroyed the rest. This is the most practical way of 
killing the beetles in the poles, as it is cheap and very effective. 

In vine-stubs and string-pegs.—As stated under the head of “ Hi- 
bernation,” the vine-stubs and string-pegs, which are usually left in 
the field when cleaning up in the fall, may shelter a considerable 


number of flea-beetles. In order to determine whether or not the 
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number present in such places is sufficient to warrant their destruc- 
tion, two hundred or more of these should be gathered, the beetles 
counted, and the average number of beetles per hill determined. If 
the number of beetles found will warrant the expense, the vine-stubs 
and string-pegs should be gathered during the cold weather and 
burned. In case the temperature is above 40° F. the stubs and pegs 
should be collected into tarred buckets to prevent any beetles from 
escaping. Below 40° the beetles are inactive and this precaution is 
unnecessary. 


BORDEAUX MIXTURE.? 


Bordeaux mixture has long been recommended as a deterrent 
against flea-beetles, and, should the overwintering adults severely 
attack the young hop-shoots, may prove quite effective against the 
hop flea-beetle. During the spring of 1909, when the hops were 
coming out of the ground, an infested region was thoroughly sprayed 
with the 5-5-50 formula, several rows being left as checks. Unfor- 
tunately wet weather followed, which, while it favored the growth of 
the hops, held the beetles back so that no definite conclusions could be 
drawn. 

The Agassiz hopyards, at the time that the beetles became numer- 
ous, were sprayed with the same formula. The Bordeaux mixture 
certainly deterred the beetles, but drove them to the growing tips, 
where they seriously damaged the terminal bud. This destruction of 
the terminal bud is very undesirable, as it causes the plant to force 
out arms close to the ground. Besides driving the beetles to the grow- 
ing tips, the Bordeaux mixture burned the tender buds and also 
those leaves that were badly chewed by the beetles. Much damage 
was done in this way. 

Since it was evident that the 5-5-50 formula was too strong, a 
series of experiments was conducted to determine the relative effect- 
iveness of the 5-5-50, the 24-10-50 Bordeaux mixture, and straight 
slaked lime, 15 pounds to the 50 gallons, as deterrents. Two-thirds 
of each vine chosen for this experiment was thoroughly sprayed with 
the various materials. A cloth cage was placed over each one, and a 
large number of flea-beetles were liberated inside. Five days after 
setting these experiments it was observed that, although the sprayed 
portions were slightly eaten, the unsprayed parts were decidedly 
preferred, the lime being as effective a deterrent as the strong Bor- 
deaux mixture. Even though these experiments were fairly satis- 
factory, more work should be done along these lines at the time that 


aor details in regard to the preparation of Bordeaux mixture the reader is 
referred to Farmers’ Bulletin 243, entitled ‘‘ Fungicides and their Use in Pre- 
venting Diseases of Fruits.” 
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the hops are just coming up and during a season when the hibernated 
beetles are very numerous, in order to get more extensive results. 


BORDEAUX-TOBACCO EXTRACT. 


In endeavoring to combine a deterrent with a contact insecticide, 
the 5-5-50 Bordeaux mixture and blackleaf tobacco extract at the 
rate of 1 gallon to 65 gallons were mixed together. Vines were 
treated the same as in the previous experiment, and on examination 
after five days it was observed that the Bordeaux-tobacco mixture 
was as effective a deterrent as the Bordeaux mixture alone. Its in- 
secticidal properties were tested by spraying a group of beetles which 
was placed upon a soil-covered cloth, and which, after being sprayed, 
was covered with a cage. After twenty-four hours 65 per cent were 
dead. In cases where the beetles are very numerous and a large 
percentage of them are around the vines, a Bordeaux-tobacco mix- 
ture should prove effective. 


TOBACCO DUST. 


In order to determine the value of ground tobacco as an insecti- 
cide, a large sheet was covered with a thin layer of soil, and on this 
was spread a ring of tobacco dust 13 feet wide. A healthy lot of 
beetles was placed in the center of this ring, and the few that managed 
to cross were caught and placed in a cage. Most of the beetles 
perished in the tobacco dust, and those that crossed soon died. After 
the dew had caked the powder, however, all of the beetles which 
were placed in the center of the ring crossed the tobacco unharmed, 
even though some of them carried small pieces of tobacco with them. 

Although the beetles are able to cross the caked tobacco, the insec- 
ticidal properties are not entirely lost, for when broken up and 
sprinkled onto the beetles it killed them as readily as the fresh 
material. 

Application on mangels.—A large plot was selected in an infested 
mangel patch and the tobacco dust thoroughly applied. The fol- 
lowing day only a few beetles were found on this plot, while the 
adjoining rows contained as many as ever. The tobacco dust is more 
effective on mangels than on hops, because the plants are close to 
the ground and can be more readily covered with the powder. 


IMPRACTICAL MEASURES. 


Against beetles in the poles.—Spraying with a distillate or some 
other contact insecticide was suggested as a means of killing the 
beetles in the poles, but the “ fleas” are so far back in the slivers 


and so deep in the rotten portions of the wood that a spray will not 
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reach them. Painting the poles with crude oil or a thick crude-oil 
paint with the idea of blocking the beetles in was another suggestion, 
and several experiments were conducted along this line. Whiting 
was used as a filler and the poles were thoroughly coated with the 
mixture. This formed a sticky coating when first applied, but the 
oil was soon absorbed by the wood, and neither acted as a barricade 
nor a sticky trap for those that might crawl up the pole. At the 
time that the majority of the beetles were believed to be hibernating 
in the trellis poles, dipping them in hot crude oil was offered as a 
sure cure. This process, if properly handled, would probably de- 
stroy all the beetles that were in the poles, but the few present in that 
situation did not war- 
rant such expense. A 
fumigatorium (fig. 16) 
was made which could 
be placed around a 
trellis pole, and many 
fumigation experl- 
ments were tried dur- 
ing the winter. When 
the thermometer was 
below 32° F. the bee- 
tles were apparently 
unaffected by the 
gases, and under field 
conditions the wind 
blew so hard that it 
was impossible to 
make the fumigator- 
ium tight enough for 
effective work. Such +) 
Fig. 16.—Fumigating trellis poles to destroy hop flea- 

a method, too, would beetles. (Original.) 
require a great deal of 
time and labor, and as a practical control measure is out of the 
question. Several attempts were made to burn the beetles that were 
in the poles. In one experiment kerosene was painted on the wood 
and lighted, and in another an oiled gunny sack was lighted and 
wound around the base of a pole which was then inclosed in the 
fumigatorium. By the latter method a few beetles were killed, but 
as wood is such a poor conductor of heat few were heated sufficiently 
to injure them. 

Rolling the yards —The fact that beetles were observed hibernating 
in the grass and just under the surface of the soil led to the sug- 


gestion that rolling the yards with a heavy roller would kill a large 
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number of them which happened to be in such locations. To deter-. 
mine this point 30 beetles were placed in each of three lamp chimneys 
and set over clumps of grass. As the cool evenings approached the 
fleas worked down into the sod, and before the frost was off of the 
erass the next morning a heavy roller was run over these clumps 
from three different directions. The lantern chimneys were then re- 
placed and the sod taken into the laboratory. On examination only 2 
injured beetles were found. Twelve in the first clump, 10 in the sec- 
ond, and 15 in the third were uninjured. The other beetles were not 
recovered and probably escaped during the rolling. A large block in 
one of the yards was rolled. over at this time (fig. 17), but ‘no differ- 
ence could be seen between the number of beetles which emerged on 
the treated block and the number which came out on the rest of 


Fic. 17.—Rolling the hopyards with heavy roller, as an experiment in the control of the 
hop flea-beetle. (Original. ) 


the field. The chitin of the hibernating beetles is very hard. The 
beetles are not readily injured when rolled between the thumb and 
finger, and it is very improbable that a satisfactory percentage could 
be killed by rolling the field in which the beetles are hibernating. 


SPRAYING. 


When the beetles became numerous on the sprouting hops, the pos- 
sibility of the use of contact insecticides or of arsenicals was brought 
to the attention of the writer, and a number of sprays were carefully 
tested. 

Blackleaf tobacco eatract—Flea-beetles which were thoroughly 
drenched with blackleaf tobacco extract at the rate of 1 gallon to 65 


gallons of water soon died, but many beetles jumped through the 
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_ spray and escaped. This material did not hurt the tender vines, but 
the beetles were not killed unless they were completely covered with it. 

Kerosene emulsion.—According to Professor Quayle’s experiments 
of 1908, kerosene emulsion ranks next to blackleaf tobacco extract in 
effectiveness against this flea-beetle. 

Whale-oil soap—Whale-oil soap at the rate of 1 pound to 10 gal- 
lons of water was applied to hop “fleas” which were attacking 
mangels. When a beetle chanced to become the center of a drop of 
spray it soon died, but a little soap on one side or on its elytron did 
not injure it in the least. 

Resin lye—The resin-lye spray used at the rate of 1 pound of 
resin to 10 gallons of water was a little more effective than the whale- 
oil soap, but was far from satisfactory. 

Arsenicals—Although the hop flea-beetle is supposed to be very 
resistant to arsenicals, laboratory experiments proved that a fair per- 
centage may be killed by the use of either arsenate of lead or Paris 
green. For good results the arsenate of lead should be used at the 
rate of 5 pounds to 50 gallons of water, and the vines should be kept 
well covered with it, but since the vines grow very rapidly such a 
method becomes too laborious and costly. 


TRAPS. 


Trap foods.—It is evident from the results obtained in the pre- 
ferred food-plant experiments that the best trap food for beetles, 
either on the hops or on the mangels, is the nettle, the tomato for the 
hop and the rhubarb for the mangel coming next. Since the hop is 
preferred to any other plant, and since it comes up at the same time 
as the nettle, the only chance to use a trap food is in the fall after the 
hops are gone. The borders of the fields are the only places where a 
trap crop can possibly be grown, because, when the hops are gathered, 
the pickers would trample down anything that was growing between 
the rows. If the nettles which grow along the fences are thoroughly 
sprayed with arsenate of lead or Paris green about the time that the 
hops are picked a large number of beetles may be killed. 

Trap lights—The beetles which were brought into the laboratory 
appeared to be quite positively phototropic, and with the hope that 
trap lights might prove successful these were tried under field condi- 
tions. A lantern set on a tanglefooted board was placed in an in- 
fested mangel patch. Although the beetles were numerous on the 
mangels all around the light, only a few of them were attracted to 
it. They could be seen crawling around on near-by leaves, but ap- 
parently had no desire to approach the light. The same results were 
obtained with the acetylene light, the increased intensity having no 
effect upon the beetles. 

Trap shelters—The use of trap shelters to catch the hibernating 


beetles was one of the first control measures which were thought of. 
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The idea was to distribute them around the field while the beetles are 
still active and collect them as soon as the beetles hibernate. Under 
laboratory conditions beetles entered two sorts of traps very readily. 
The one is made by cutting the old vine stems into 6-inch sections 
and tying 8 or 10 of them into a bundle. The other trap is made of 
corrugated paper, with a plain sheet fastened on each side with 
marine glue. This leaves a row of tubes into which the beetles can 
crawl. Pieces 4 inches square were to be pegged out with slender 
pegs, but since other control measures have proved so effective the 
experiment has never been tried in the field. 


CULTIVATION AND FERTILIZATION. 


The earlier the hops come up in spring, the better chance there will 
be of their reaching the “string” before the beetles attack them. 
When the vines are once on the string they can be protected with 
tanglefoot bands or by the use of tarred boards. 

Inasmuch as cultivation and fertilization tend to bring the vines 
up earlier in the spring they aid in the control of the beetles, and if 
clean cultivation is practiced after the vines are tanglefooted a large 
number of beetles will starve to death. 


RECOMMENDATIONS. 


The first knowledge that the hop growers will probably have of the 
presence of the hop flea-beetle in dangerously large numbers will be 
attack by the beetles upon the vines about the time that they are 
ready to train. The “ fleas” at this time may be greatly reduced in 
numbers, so that the vines can reach the strings, by the use of the 
sticky shield (p. 49) or the heavier tarred board (p. 48).., 

After the vines are trained the beetles are readily controlled by the 
use of the tanglefoot bands. These bands should be renewed on the 
vines, and the trellis poles should also be banded at the time that the 
vines are tied in and stripped, or just before the appearance of the 
second generation. These tanglefoot bands form a perfect barrier 
to the insects. Even though the beetles are present in very large 
numbers they can not reach the upper parts of the hop vines, which 
can therefore produce a crop without molestation. 

In order to starve the beetles the yards should be well cultivated 
and all suckers cut from the bases of the vines. If this is done the 
emerging insects will find very little to feed upon. In some cases 
the destruction of the beetles which hibernate in the trellis poles, 
string pegs, and vine stubs may be advisable, but if the banding is 
thoroughly done and the yards are kept clean during the growing 
season, very few beetles will live through the winter to attack the 
vines in the following spring. 
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SOME INSECTS INJURIOUS TO TRUCK CROPS. 


BIOLOGIC AND ECONOMIC NOTES ON THE YELLOW-BEAR 
CATERPILLAR. 


(Diacrisia virginica Fab.) 4 
By H. O. Marsu, Agent and Expert. 


RECENT INJURY. 


During the late summer and fall of 1909 there was a serious out- 
break of the common yellow-bear caterpillar (Diacrisia virginica 
Fab.) in the upper Arkansas Valley of Colorado. Never before in 
the history of the valley had this species been so destructive, and 
the outbreak came as a surprise to all concerned. 

The larve, or caterpillars, of the first generation developed nor- 
mally on weeds along the fences and irrigation ditches and caused 
little damage to cultivated crops, but the larvee of the second gener- 
ation, which began to develop about the middle of August, were so 
numerous that the weeds were not sufficient to support them and 
they spread to sugar beets and other crops. 

The sugar beets, because of the extensive acreage and the large 
supply of food which their tender foliage offered, were more severely 
damaged than any other crop. The larve were variously estimated 
to have infested from 15,000 to 20,000 acres of sugar beets in the 
upper portion of the Arkansas Valley. Definite records from this 
vast acreage show that fully 1,006 acres were badly defoliated. 

The larvee of this second generation developed so late in the season 
that the injury to which the beets were subjected did not noticeably 
reduce the tonnage, but all over the worst infested area there was a 
reduction in sugar content and quality. Owing to the other factors, 
such as late rains and a disease known as “leaf spot’? (Cercospora 
beticola Sacc.), which also tended to lower the sugar content, any- 
thing more definite than an approximate statement concerning the 
loss of sugar in the beets would be very misleading. However, 
estimates based on comparative analyses made by the chemists at 


@ Formerly known as Spilosoma virginica Fab. 
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the various sugar factories indicated that there was a loss in sugar 
content of from 1 to 3 per cent over the badly defoliated area. Over 
a large part of the infested area the defoliation was not bad enough 
to cause any very noticeable loss. 

The author’s first observations in the Arkansas Valley on this 
species were made on July 23, 1909, at Rocky Ford, Colo., and the 
following is a summary of his notes at that place and at other points 
in Colorado and Kansas during the season. All notes, except when 
other localities are mentioned, were taken at Rocky Ford. 

Before entering into a discussion of the biology, of the plants 
injured, of the experiments made, and of other matters, attention is 
called to the illustration (fig. 18) which shows the female moth, 
larve, cocoon, and pupa. This needs no further explanation than 
to state that the moth is of moderate size, its spread of wings 


Fia. 18.—The yellow-bear caterpillar (Diacrisia virginica): a, Female moth; b, larva; c, pale form of larva; 
d,cocoon; é, pupa. (From Chittenden.) 


being from 14 to 1} inches, ornamented with black dots as indicated, 
and that the larve vary in color, the dark form (6) and white form (¢) 
being shown. 

BIOLOGIC NOTES. 


On July 23 nearly mature larve of the first brood were fairly 
abundant on lamb’s quarters along the fences and irrigation ditches. 
In some places it was noticed that they had spread from the weeds 
to sugar beets and had stripped the foliage from the first three or 
four rows nearest the fences. On August 3 and 4 full-grown larve 
were found in moderate numbers on sugar beets and lamb’s quarters 
at Fort Collins and Greeley in northern Colorado, and on August 10 
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a large cluster of eggs of this species was taken on a sugar-beet leaf 
at Rocky Ford, Colo. August 13, at a seed farm east of Rocky Ford, 
many clusters of eggs, thousands of newly hatched larve, and some 
larve one-third grown were found on a large patch of rhubarb. A 
dozen or more moths were also observed on the rhubarb, some of 
which were depositing eggs. Rhubarb, possibly because it provided 
so much protection to the moths, was a favorite food plant and great 
numbers of eggs were deposited on it. The larve, after partially or 
completely stripping the large leaves, spread to other plants. 

By August 24 larve, varying in size from quite small to one-half 
grown, were seen in many beet fields. Infestation was usually con- 
fined to spots, often only a corner of a field being infested. 

By September 6 infestation had become general and there was 
probably not a field of beets in the Rocky Ford district in which 
larve were not present, at least in small numbers. At this date a 
large portion of the larvee were over half grown. The worst infesta- 
tion occurred within a radius of 24 miles from the town. With few 
exceptions, the beets outside of this area were not seriously infested, 
and later examinations throughout the infested portions of the valley 
showed that the worst infestations were close to the towns, although 
in some cases the infestation extended miles beyond them. 

September 11 the first cocoon was found, containing a larva which ~ 
pupated afew days later. By September 14 many larve had matured, 
left the beets, and were seen hurrying away in search of places for 
pupation. September 17, several larvee were found dead from a 
fungous disease. By September 20, although larve were still 
abundant and as many as 16 individuals were counted on a single 
beet, many had matured and crawled under heaps of weeds, grass, 
rubbish, boards, etc., along fences and irrigation ditches, and had 
formed cocoons. Of 20 cocoons which were examined at this time, 
19 contained live larves and 1 a new, soft pupa. Seventeen of these 
larve pupated within the next three or four days. At this date, 
September 20, a large acreage of the beets had been badly defoliated. 
In some fields nothing remained of the foliage except a few young 
leaves (which the larve usually avoided), the petioles, and some of 
the larger veins of the older leaves. 

September 22, in the corner of one beet field, over an area about 
three-fourths of an acre in extent, many larve were troubled with a 
iungous disease identified as Botrytis bassiana Bals. About 2 per 
cent of the larve had died from this cause. It was noted September 
25, and later throughout the Rocky Ford district, that the disease 
had not spread and that diseased larve did not exist or were rare, 
except in this corner. 

By September 27 larve were noticeably less abundant and many 
defoliated beets were putting out new tops. Before the Diacrisia 
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infestation became very bad a considerable amount of the older 
beet foliage had been killed by the “‘leaf-spot”’ disease (Cercospora 
beticola Sacc.) and the plants had put out a new stock of leaves. The 
Diacrisia attack, following the “‘leaf-spot”’ injury, made necessary 
still another crop of leaves before the beets could mature. By 
October 5 the bulk of the larvee had entered winter quarters. The 
cocoons were common under weeds and: many contained pup. On 
October 12 there were still a few belated larvee on the beets. 

Between October 14 and 24 a trip was made through the beet- 
growing sections of the Arkansas Valley. At Las Animas, Colo., 
about 30 miles east of Rocky Ford, the larve had been abundant 
and destructive. This place appeared to be the’ eastern limit of 
injury. Examinations and inquiries made at Lamar and Holly, 
Colo., and at Garden City, Kans., showed that the larve had not 
occurred in unusual numbers at those places. West and north in 
the Arkansas Valley the larve occurred in injurious numbers as far 
as the beets were grown, 1. e., into the country around Pueblo and 
Sugar City, Colo. 

As late as October 24 occasional larve still occurred on the beets 
at Rocky Ford, Colo. At this date 100 cocoons were collected from 
under boards and weeds and examined. Seventy-four contained 
live pups, 4 contained dead pupe, in 10 were live larve, and in 12 
dead larve. Two of the live larve had the eggs of a tachinid parasite 
fastened on their backs and one of the dead larve contained a live 
tachinid larva. The other larve had evidently died either from a 
fungous disease or from natural causes. Two of the dead pup 
were deformed and the other two had evidently died from disease. 
By October 30 the larve had almost completely disappeared from the 
beet foliage. 

A remarkable feature of this outbreak is that the larve had so few 
natural enemies. Birds did not eat them, and with the exception of 
a few individuals which were killed by parasites and disease they 
appeared to be unmolested. 

On November 12 thousands of healthy pupz were in condition to 
pass the winter safely. If the pupe are not killed by man or by 
adverse weather conditions, there is every indication that there will 
be another outbreak of the pest during 1910. 


LIST OF PLANTS INJURED. 


During September, when the larve occurred in most noticeable 
abundance, they were found feeding on the following plants: Sugar 
beet, stock beet, table beet, rhubarb, cabbage, cauliflower, turnip, 
radish, celery, carrot, parsnip, eggplant, potato, pumpkin, squash, 
watermelon, cantaloupe, sweet potato, corn, lima bean, string bean, 
asparagus, pea, peanut, alfalfa, hollyhock, morning-glory, canna, 
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hyacinth, dahlia, cherry, gooseberry, blackberry, raspberry, currant, 
grape, dock (Rumex), Amaranthus, Chenopodium, Helianthus, 
Solanum rostratum, Verbesina, Ambrosia, Russian thistle (Salsola 
tragus Auct.), and Spanish needle. 


EXPERIMENTS WITH ARSENICALS. 


Opportunity was afforded for testing arsenate of lead and Paris 
green as means of suppressing the yellow-bear caterpillar on sugar 
beets and celery. 

Experiments were made as follows: 

Experiment No. 1.—Arsenate of lead applied at the rate of 6 pounds 
in 100 gallons of water. ; 

Expervment No. 2.—Arsenate of lead at the rate of 8 pounds in 100 
gallons of water. 

Experiment No. 3.—Arsenate of lead at the rate of 10 pounds in 
100 gallons of water. 

Experiment No. 4.—Arsenate of lead, 8 pounds to 100 gallons, 
applied twice to the same plants, practically equaling 16 pounds of the 
arsenate to 100 gallons of water. 

In these experiments 150 gallons of the mixture at the various 
strengths were applied September 7—9, 1909, to 3 acres of sugar beets 
with an ordinary barrel sprayer, mounted on a cart and drawn by a 
mule. The sprayer was fitted with an 8-row attachment and nozzles 
of the Vermorel type, and the upper surface of the beet foliage was 
given an even coating of poison. Traces of the poison were visible 
on the sprayed foliage for nearly a month after application. 

These four experiments were entirely unsuccessful, as practically 
no larve were killed either in the field or in cages supplied with 
poison-coated leaves. In both cases the poisoned foliage was eaten 
readily. A sample of the arsenate of lead used in the experiments 
was analyzed by the Bureau of Chemistry and found to be of unusu- 
ally good quality. 

Experiment No. 5.—Arsenate of lead (Disparene) at the rate of 8 
pounds in 100 gallons of water. 

September 21, 6 gallons were applied with a small compressed-air 
sprayer fitted with a nozzle of the Mistry type to 8 rows of celery, 
each about 90 yards in length. A very thorough and even coat of 
poison was given the plants, but very few larve were killed. 

An analysis made of this arsenate of lead by the Bureau of Chemis- 
try showed that it was of unusually good quality. 

Experiment No. 6.—Paris green, 5 pounds, and lime, 5 pounds, to 
each 100 gallons of water. , 

September 25, 2 gallons of this mixture were applied with a 
compressed-air sprayer and nozzle of the Mistry type to 2 rows of 
celery, each about 90 yards in length. Twenty-four hours after the 
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treatment 15 per cent of the larvee were dead, and within three or 
four days few larve remained on the plants. The disappearance 
of the larva was not entirely due to the Paris green, as the celery was 
sprayed, at about the same time the poison was applied, with a solu- 
tion of lye-sulphur for the common red spider (Tetranychus bimacula- 
tus Harv.). This solution was evidently very distasteful to the 
larvee and they went over to the unsprayed or check plants. 

Experiment No. 7.—Paris green, 8 pounds, and lime, 8 pounds, to 
100 gallons of water. 

September 1 about 40 gallons of this mixture were applied to 1 
acre of sugar beets with the same equipment used in Experiments 
Nos. 1, 2, 3, and 4. Some trouble was experienced in keeping this 
mixture in suspension, but a fairly even coat of poison was made, 
which remained visible for at least ten days after the treatment. 

This application was ineffective, for although a few partly grown 
larve were killed the number was so small that a week later the 
larvee were as abundant on the sprayed plants as on those unsprayed. 
Analysis made of a sample of the Paris green used in this experiment 
showed it to be of good quality. 

Experiment No. 8.—Paris green, 10 pounds, and lime, 10 pounds, in 
100 gallons of water. On September 12, 65 gallons of this mixture 
were applied with a compressed air sprayer and Mistry type nozzle 
to 5 rows of celery, each row being 100 yards in length. Although 
the mixture required frequent agitation to hold the poison in suspen- 
sion, an even coat of poison was applied. 

Twenty-four hours after the application 55 per cent of the larve 
were dead, and three days later but few living individuals could be 
found on the sprayed plants, while on the check row they were still 
abundant. This treatment was extremely effective, as practically 
100 per cent of the larve were killed. 

Experiment No. 9.—Paris green, 10 pounds, and lime, 10 pounds, to 
100 gallons of water. On September 21, 9 gallons of this mixture 
were applied to 10 rows of celery, each row being about 90 yards in 
length. This experiment was a repetition of No. 8, and the results 
were practically the same. 

Experiment No. 10.—Paris green, 10 pounds, and 10 pounds of 
lime to 100 gallons of water. On September 14 about 35 gallons of 
this mixture were applied to a little over half an acre of sugar beets. 
An ordinary barrel sprayer mounted on a handcart was used. The 
sprayer was fitted with an agitator so small that it was impossible 
to keep the poison in suspension. As a result the bulk of the poison 
was applied to the first few rows of beets sprayed. Owing to rain of 
the previous day the soil was so moist in the beet field that the pump 
could not be taken into it, and the mixture had to be applied through 
a 50-foot length of heavy garden hose and a nozzle of the Vermorel 
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type. The hose could not be handled to advantage, and an extremely 
poor and unsatisfactory application was made. 

Where the coat of poison was thick, a good many of the larve 
were killed, but as the amount of poison diminished the number of dead 
larve diminished aiso and the experiment was considered a failure 
from every standpoint. 

Shortly before any of the above experiments were undertaken, one 
of the beet growers made tests with Paris green at the rates of 1 
pound and 2 pounds in 50 gallons of water against these larve on 
sugar beets. These tests were not made under the writer’s direction, 
but from all appearances careful work was done. The poison did 
not kill a material number of the larvee; and as these strengths 
were so obviously ineffective, the apparently excessive strengths 
were used in the experiments which were conducted later. 

In none of the experiments with arsenate of lead was the foliage, 
either of sugar beets or celery, burned, but with Paris green, wherever 
the foliage was partly eaten there was some burning. This, however, 
was not serious In any case. Leaves remaining entire, even the very 
- tender ones at the center of the plants, were uninjured. 

The weather conditions were ideal during the time these experi- 
ments were made. 

The results of these spraying experiments are summarized in the 
following table: 


Results of experiments with sprays against tie yellow-bear caterpillar (Diacrisiavirginica) 
on sugar beets and celery. 


Experi- 
ment | Date. Insecticide used. Larve killed. Remarks. 
num- | | 
ber. | 
| 1909 | | 
11 ee Sept. 7 | Arsenate of lead 6 pounds to | Very few......_._- | Applied to sugar beets with bar- 
| 100 gallons of water. | ,rel sprayer fitted with 8-row 
| attachment. 

Os SU are eee. donee. | Arsenate of lead 8 pounds to |..... GOR s25ebs | Applied to sugar beets with 8-row 
100 gallons of water. | sprayer. 

Seay Le | Sept. 9 | Arsenate of lead 10 pounds |..... Gon sas a2 eee | Do. 

| | to 100 gallons of water. | | 
Arg a Sept. 7-8 | Arsenate of lead 16 pounds |..-.. GOee rate sly 8 to 100 mixture applied twice to 
| to 100 gallons of water. | same plat of sugar beets with 
| F |  8-row sprayer. 

eee | Sept. 21) Arsenate of lead 8 pounds to |... .- Gomes gece ees ' Applied with hand sprayer to 

| | _ 100 gallons of water. |) ‘celery. 

(eee | Sept. 25) Paris green 5 pounds and | At least 15 per | Applied to celery with hand 

| lime 5 pounds to 100 gal- cent. | sprayer. The larvee deserted 

lons of water. | this plat because it was also 

| sprayed with lye-sulphur solu- 

| tion for the common red 
| | spider. 

eae. Sept. 1 | Paris green 8 pounds and | Very few.......... | Applied with 8-row sprayer to 

lime 8 pounds to 100 gal- sugar beets. 
|  lons of water. 

Sitios ey | Sept. 12] Paris green 10 pounds and | Practically 100 per | Applied with hand sprayer- to 
lime 10 pounds to 100 gal- cent. celery. 
lons of water. 

Qe oie Sept. 21) Paris green 10 pounds and |..... Ge eisacctaes Applied with hand sprayer to 
lime 10 pounds to 100 gal- celery. Repetition of experi- 
lons of water. ment No. 8 to determine effect 

on older larvee. 

LOw sos Sept. 14) Paris green 10 pounds and | Varying number..| Applied to sugar beets. Results 
lime 10 pounds to 100 gal- inconclusive because of poor 
lons of water. application with faulty 

sprayer. 
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It will be seen that arsenate of lead, even when apovlied at an 
excessive strength by hand or machine sprayer, was entirely ineffec- 
tive against the larve of D. virginica on sugar beets and celery. 
Paris green, when applied very thoroughly by hand to celery, gave 
perfect results when used at excessive strengths, but when applied 
to sugar beets with a machine sprayer (the only practical method 
with such a crop) it, too, proved ineffective. 

The failure to kill the larvee was not due to their being nearly 
mature, as in the earlier experiments they varied in size all the way 
from one-fourth to three-fourths grown; and as the development: of 
this species is very irregular there were larve present which were 
not over half grown when all the experiments were made. 

Judging from the results of these experiments, the arsenicals can 
not be depended on to control the larve of D. virginica on sugar 
beets. It is evident that clean cultural methods offer the best chance 
of keeping this species under control. The larve are very general 
feeders, and during the early growing season they evidently prefer 
weeds, such as lamb’s-quarters, for food. Much benefit would be 
gained by keeping the ditch banks, and spaces along the fences, 
free from weeds. 

On reaching maturity the larve crawl under heaps of dead weeds, 
tufts of grass, boards, and other rubbish, along the ditches and 
fences. In such quarters, which, especially in the case of weeds and 
grass, offer but slight protection, they construct frail cocoons in 
which the pupe pass the winter. There is no better method of fight- 
ing this species thah to burn the weeds, erass, ete., under which the 
pup find protection. This burning, which can be done any time 
between November 1 and April 1, would not only have the advantage 
of destroying quantities of weed seeds and Diacrisia pupe, but would 
also kill the “alkali bugs’ (Monozxia sp.?) which hibernate under 
the weeds in the same places as the Diacrisia pupe. 

In the field the larvee were watched for over three weeks, or until 
a large proportion of them had matured and left the plants to pupate. 
The arsenate of lead was visible on the beet foliage during all of this 
time. A few larve were put in a cage supplied with the poison- 
coated leaves from the sprayed plats immediately after the applica- 
tion was made. These leaves were almost completely consumed 
during the following two days and after that unsprayed foliage was 
given them. Only one small larva out of about 25 died, although 
they were kept caged and under daily observation for ten days or 
until the oldest individuals began to prepare to pupate. 

Personally the writer believes that the failure to kill the larvee 
was due, in part at least, to the fact that an insufficient amount of 
spray was used to the acre. Fully 100 gallons to the acre should 
have been applied. 
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SOME INSECTS INJURIOUS TO TRUCK CROPS. 


NOTES ON THE CUCUMBER BEETLES. 


By F. H. Cuirrenpen, 
In Charge of Truck Crop and Stored Product Insect Investigations. 


INTRODUCTORY. 


Among insects injurious to useful crops are many species of Dia- 
brotica, most of which for convenience we may term cucumber 
beetles, the term including such species as feed upon cucurbits and 
similar plants. The commonest and best known examples are the 
striped cucumber beetle? (Diabrotica vittata Fab.), the twelve-spotted 
cucumber beetle or southern corn root-worm (D. duodecimpunctata 
Oliv.), and a western species related to the last, known as Diabrotica 
soror Lec. All of these are of the highest economic importance. The 
first mentioned is one of the most injurious species affecting truck 
crops; the second is very troublesome in the Southern States, while 
the last is about equally injurious in the Pacific region. In 
addition to these we now know of several other species which 
habitually or occasionally affect truck crops. In all there are a full 
score of species of this genus and two subspecies. A few of these are 
more often found on corn and grasses, hence will not be considered in 
this article. 

The notes which follow are supplemented by a more detailed article, 
by Mr. H. O. Marsh, on the same and other species. The species 
which the writer will consider have never been treated at any length 
in a departmental publication, and the illustrations are here presented 
for the first time. 


aThe economic treatment of the first two species mentioned, the striped and the 
twelve-spotted cucumber beetles, is given in Circulars Nos. 31 and 59, respectively. 
In the latter, the western corn root-worm, which is more of a field-crop insect, is also 
treated. These publications may be obtained free of charge on application to the 


Secretary of Agriculture. 
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THE SADDLED CUCUMBER BEETLE. 
(Diabrotica connexa Lec.) 


What appears to be the first report of attack by the saddled cucum- 
ber beetle (Diabrotica connexa Lec.) was that made by Mr.C.S.Spooner, 
April 10, 1907, while engaged in truck crop insect investigations 
in this Bureau. It was found attacking cucurbitaceous plants at 

Jorpus Christi, Tex. Mr. E. A. Schwarz, of this Bureau, however, 
states that he had met with it commonly in western Texas in earlier 
years, attacking cucurbits. 

This species (fig. 19) belongs to the same series as Diabrotica balteata 
Lec., but to a group in which the antenne have the third joint fully as 
long as the fourth and twice as long 
as the second. The elytra or wing- 
covers are dark ochraceous yellow 
with a purplish-brown transverse 
band at the base, another just for- 
ward of the middle, and with four 
roundish spots of the same color rep- 
resenting a third band. The first 
two bands are usually united on their 
outer edges, inclosing a more or less 
heart-shaped area of ochraceous yel- 
low color. The head is colored about 
like the bands and spots on the elytra. 

_ This insect is a little larger than D. 
Fig. 19.—The saddled cucumber beetle (Dia- 
brotica connera): Beetle, about 5 times natural balteata and measures nearly three- 


size. (Original.) tenths of an inch (7 mm.) in length. 
It is recorded by Horn,? who describes the adult in detail, from 
“Texas and Mexico.”” Jacoby ® figures the species and mentions 


Tuxtla in Mexico. 


THE PAINTED CUCUMBER BEETLE. 


‘\ 


(Diabrotica picticornis Horn.) 


October 13, 1905, Mr. F. C. Pratt observed the painted cucumber 
beetle (Diabrotica picticornis Horn) at San Antonio, Tex., in great 
numbers in the blossoms of okra and on beets, associated with D. 
balteata. The species was received December 12, 1906, from Mr. 
F. B. Headley, from San Antonio, Tex., with the report that it was 
eating vetch and horse beans. It was associated with D. balteata and 
D. 12-punctata. Mr. C. S. Spooner observed the same species on 
squash and on cotton at San Antonio, Tex., in June, 1907. 


aTrans. Amer. Ent. Soc., Vol. XX, p. 91, 1893. 
b Biol. Centr.-Amer., Coleop., Phytophaga, Vol. VI, Pt. I, 1887, fig. 20, Pl. XXXII. 


NOTES ON THE CUCUMBER BEETLES. 69 


Following is a description of the egg: 

The egq. —Opaque buff, the surface slightly or apparently pulv aed, finely sculp- 
tured, and ringed in many deep hexagonal pits as in other species of Diabrotica. The 
outline, however, is extremely irregular, and the size is similarly variable. Average 
length, 0.7 mm.; width, 0.5 mm. 

The eggs were obtained in large numbers, deposited singly and 
distributed over the lower surface of cucumber leaves. The eggs 
under observation were deposited June 24 to July 3 

This species (fig. 20) belongs to the same series as D. balteata but 
to a group in which the antenne 
have the second and third joints 
small, together rarely longer than 
the fourth. The elytra or wing- 
covers are ornamented about as in 
D. connexa, but with the four round- 
ish posterior spots forming a cres- 
cent. The head and metathorax 
are black, as are the bands and spots 
on the elytra. The thorax varies 
from dark yellow to bright red. The 
beetle measures less than  three- 
tenths of an inch (6.5 mm.) in 
length. 


. 3 : Fic. 20.—The painted cucumber beetle (Dia- 
The distribution recorded extends brotica picticornis): Beetle, about 6 times 


only trom’ Texas: to’ Mexico. Horn *.. 22turelsize.. \(Original.) 
(loc. cit.) wrote of the distribution, ‘‘Occurs in Texas, locality 
unknown.” 


THE BELTED CUCUMBER BEETLE. 
(Diabrotica balteata Lec.) 


What is probably the first record of injurious attack by the belted 
cucumber beetle (Diabrotica balteata Lec.), or, indeed, the first record 
of any food plant for it, was made in 1904 in an editorial note in 
Bulletin 44 of this Bureau (p. 84). Specimens of the beetle were 
received from Mr. A. L. Herrera, December 3, 1902, with the report 
that the species was injurious to wheat at Salvatierra, Guanajuato, 
Mexico. 

The first report of injury in this country was made by Mr. F. C. 
Pratt, of this Bureau, October 5-7, 1905, while at Brownsville, Tex. 
Mr. Pratt observed the adults of this leaf-beetle in great numbers 
on beans, corn, and okra, especially in the blossoms, and on cucum- 
bers. In this locality it practically displaced the two usually more 
common cucumber beetles, D. 12-punctata Oliv. and D. vittata Fab. 
In its work on beans it resembles the bean leaf-beetle (Cerotoma 
trifurcata Forst.). The same species was observed under the same 


70 SOME INSECTS INJURIOUS TO TRUCK CROPS. 


conditions at San Antonio, Tex., October 13, and at New Braunfels, 
Tex., October 27. 

December 12, 1906, this species was received at the Bureau of 
Entomology from Mr. F. B. Headley, San Antonio, Tex., with the 
report that it was injuring vetches and horse beans. It was asso- 
clated with Diabrotica 12-punctata and D. picticornis. 

June 15, 1907, Mr. C. S. Spooner, while working under the writer’s 
direction at San Antonio, Tex., found numerous beetles of this 
species on squash, where it was associated with D. picticornis. It 
was also noticed on cotton. 

During 1908, Mr. D. K. McMillan, of this Bureau, observed this 
beetle during March on eggplant at Olmito, Tex., eating melon 


Fig. 21.—The belted cucumber beetle (Diabrotica balteata): a, Pupa; b, anal seg- 
ment of same; c, beetle; d, eggs; e, much enlarged surface of same; /, anal 
segment of larva; g, larva, dorsal view. c, g, About 6 times natural size; a, 
d, a little more enlarged; 0, e, still more enlarged. (Original.) 


leaves at Brownsville, Tex., in May, and on beans and eggplant at 
Harlingen, Tex., in November, attacking the blooms. 


The egg of this species may be described as follows: 


The egg.—Pale yellowish buff, with the surface moderately shining, and with the 
usual hexagonal pits well defined but comparatively shallow. Form somewhat regu- 
lar oval, corresponding rather closely to that of Diabrotica vittata. Length, 0.61 mm.; 
width, 0.35 mm. 


The eggs were first obtained, July 1, in three masses deposited, in 
confinement, on the lower surface of cucumber leaves, the individual 
eggs being so closely applied to each other that they could hardly 
be separated without breaking them. 

During 1910 Mr. M. M. High found this beetle attacking lettuce, 
cabbage, and onions at Brownsville, Tex. February 22 it was 
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observed feeding on onions on the farm of a Mr. Bass at Lyford, 
Tex. In some instances the adult was observed some distance 
toward the apex and on the inside of the leaf. A hole was made in 
the middle portion of the leaf just large enough for the insect to 
enter. In this way it conceals itself and feeds quietly from the inner 
side of the onion leaf. 

This species, with the others here considered, belongs to what 
Horn has classified as Series A of the genus. Thus classified they 
are related to the common twelve-spotted cucumber beetle (D. 12- 
punctata Oliv.). The characters by which they are separated from 
Series B and C, which also include injurious forms, are as follows: 

The elytra or wing-covers are irregularly, not closely punctate; 
the surface is without impressed striz or sulci (channels); the tibize 
or shanks have a distinct carina or ridge extending the entire length 
of the outer edge. In this series balteata falls into a second group in 
which the second and third joints of the antennz are small, together 
rarely longer than the fourth, usually shorter. 

The beetle, illustrated by figure 21, c, is greenish yellow in well- 
preserved specimens, with red head, black metathorax, and elytra 
ornamented with three transverse green bands. Sometimes these 
bands have a bluish tint and frequently also are almost entirely 
lacking, the species showing great variation in this regard. The 
length is from one-fifth to one-fourth of an inch (5-6 mm.). 

The distribution accorded by Horn is from Texas southward 
through Mexico to Colombia, South America, but that it can occa- 
sionally extend its range or is accidentally carried to other regions 
is proved by a specimen which the writer saw when it was collected 
at Rosslyn, Va. 


THE WESTERN TWELVE-SPOTTED CUCUMBER BEETLE. 


(Diabrotica soror Lec.) 
RECENT INJURY. 


The records of the Bureau of Entomology show considerable 
injury by the western twelve-spotted cucumber beetle (Diabrotica 
soror Lec.) in recent years, especially in 1907 and 1908. December 
11, 1906, Mr. Frederick Maskew wrote that of the insects collected 
from the foliage of growing beets in and near Oxnard, Cal., this 
species was the most plentiful. It could be seen in myriads, copu- 
lating freely at that time. Injury sometimes attributed to wire- 
worms was, he believed—judging from the description of the damage, 
its suddenness, and its short duration—probably the work of the 
larva of this species. 

During 1907 complaint was received, March 3, from Mr. O. W. R. 
Treadway, Lodi, Cal., of injuries to melon, cucumber, squash, beans, 

59643°—Bull. 82, pt 6—10——2 
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and corn; August 4, of injury to cucumber and melon, reported by 
Mr. S. Halverson, Gonzales, Cal.; August 7, of injury to cabbage, 
beans, and peas at Fort Ross, Cal., by Mr. J. B. Williams; August 11, 
by Prof. E. S. G. Titus of serious injury to melons at Imperial Junc- 
tion, Cal., for that and the previous year. September 2, 1907, Mr. 
Willams again reported injury to vegetables at Fort Ross, Cal., 
cabbage being badly affected. 

Of this species, Mr. I. J. Condit, of San Luis Obispo, Cal., wrote, on 
September 6, 1907, that it was the worst pest in that vicinity, swarm- 
ing over everything and evidently having no choice as to its food. 
Gardeners there stated that they could not grow zinnas, daisies, and 
some other plants, as the flowers were so badly eaten that they were 
worthless. The blossoms were sprayed, which protected them, but 
the new buds opening the following day were attacked just as severely. 

In 1908, Mr. H. O. Marsh, while carrying on investigations for the 
Bureau of Entomology at Tustin and Garden Grove, Cal., reported, 
September 24, injury by the larve to peanuts. At that time larve, 
pup, and newly formed adults were common in soil about growing 
peanuts, some of the larvee being in the nuts which had been very 
badly injured by this species and a species of Blapstinus. Similar 
injury was noted by Mr. C. E. Ott at Garden Grove, Cal., who reported 
that the beetles caused him considerable trouble by nearly ruining a 
young orange grove earlier in the season. 

March 16 of the same year, Mr. G. E. Beusel, Oxnard, Cal., sent 
specimens of this beetle, stating that it was attacking beet leaves. 
In one field the beetles had destroyed a very good stand of 30 acres 
of beets in a few days. Our correspondent took it for Diabrotica 12- 
punctata, whose larva he knew developed at the roots of grasses and 
corn. He also stated that he did not think that there was a practical 
remedy to check the work of the beetles of this insect on young beets. 

April 16, Mr. Thomas J. Simpson, Noyo, Cal., wrote in regard 
to this insect and its work in gardens in that vicmity. In summer 
they were so thick that they ate leaves from beans, potatoes, corn, and 
other plants. A remedy was desired that would not poison the vege- 
tables. Writing of this species April 24, Mr. Edward M. Ehrhorn, San 
Francisco, Cal., stated that in some seasons this beetle was quite a 
pest in orchards, especially on young trees, and that at times it also 
caused much damage to seed farms. The parasitic fly, Celatoria 
diabrotice Shimer, in certain seasons keeps the beetle in check, 
appearing at these times in great numbers, probably on account of 
weather conditions. 

As to remedies, he thought that an arsenical dusted on the plants 
would be preferable to an arsenical spray in treating this species in 
beet fields. 
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Mr. Marsh wrote further of this species and its occurrence at Tustin, 
Cal., that the peanuts were growing in sandy soil, and injury was every- 
where apparent, but that larve and pupzx occurred September 28 
only in spots in the heavier sandy soil. Here there were from one 
to twenty. Usually, however, there were from three to five to almost 
every plant, located from 2 to 3 inches below the surface. Most of 
the larve had matured. The pupz were found in very fragile cells, 
and many of these were maturing, and there were many adults on 
the foliage and many soft, newly formed ones in the soil. The fact 
that the heavy soil is more moist and cooler than the lighter sand 
probably accounts for the later maturing of the beetles in such loca- 
tions. Up to December 17, the species, according to Mr. Marsh, 
had not gone into hibernation, the adults being still moderately 
common on spinach, lettuce, mustard, and 
other plants. They were flying or crawling 
about quite actively during the warm part 
of the day, and appeared to prefer spinach 
as a food plant. 


DESCRIPTIVE. 


The beetle of this species (fig. 22) differs 
from the common twelve-spotted cucumber 
beetle (Diabrotica 12-punctata) by havy- 
ing the entire lower surface black. In 
a good series of specimens at hand it is 
noticeable that even in preserved speci- 

: D : Fig. 22.The western twelve-spotted 
mens the species under discussion preserves ~ qicumber beetle (Diabrotica soror): 
more ofthe natural green color than does Female beetle, about 6 times natural 
the eastern species. The twelve spots are ““ (Omsinal) 
located and arranged about the same in the two species, but in D. soror 
there is a strong tendency to the union of at least one pair of spots on 
each elytron or wing cover. The pair of middle spots are most often 
confluent or united, and occasionally both the middle and the posterior 
spots unite. This is rare in the eastern species. In the latter, the 
lower surface, including a portion of the femora, is yellow. There is 
no great difference in size, but the eastern species will average a little 
larger. The antenne are almost piceous, the basal three joints are 
slightly paler, and the thorax is less transverse. The length is about 
6 millimeters. 

This species occurs from Oregon, where it is common, southward 
through California to Arizona, and perhaps extends into Mexico. 

The immature stages of this species have been described by Mr. 
R. W. Doane. 


2 Journ. N. Y. Ent. Soc., Vol. V, pp. 15-17, 1897. 
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As nearly as can be made out without having fresh specimens of 
this species and the eastern form for comparison, there is only slight 
difference in the preparatory stages. 


HABITS AND LIFE HISTORY. 


According to the author quoted, this species is especially injurious 
to the interests of florists, the beetles eating unsightly holes in buds 
and petals of roses, chrysanthemums, and other ornamental flowers, 
feeding also on the leaves, there being an almost unrestricted range of 
food plants. Orchardists often suffer serious losses from the ravages 
of the beetles, which eat into young forming fruit and buds. 

In Doane’s experience, eggs (see fig. 23) were deposited from one- 
fourth to one-half an inch below the surface of the ground, near the 
base of the food plant, sometimes singly, but usually in numbers of 
between from twenty to fifty. Eggs 
in confinement hatched in about eight- 
een days (temperature not stated). 
Larve of various sizes were taken 
about the roots of different plants in 
March, April, and May, these obser- 
vations being presumably made at 
Palo Alto, Cal. It was noticeable 
e mm | that the larve did not bore into the 

7 : nzs<2e" roots, as do our eastern species, but 
Fic. 23.—The western twelve-spotted cucum- ate the roots from the outside, some- 
tere a bsnl es mS times cutting young rootlets entirely 
greatly enlarged; c, d, highly magnified. in two. They were found im abun- 
pee ee ee dance feeding on the roots of sweet 
pea and alfalfa and sparingly on other plants. When the larva 
becomes full grown it approaches the surface of the ground and 
forms an oval or spherical cell, in which it remains ten or twelve days 
before transforming to the pupa. The pupal period lasted under 
observation from ten to fourteen days. Pupz were first noticed 
early in April. The periods will vary with temperature, and there 
are indications of a second generation in southern California. 


OTHER RECORDS OF INJURY. 


In 1880 mention was made of injury by this species to the fruit of 
apricot inCalifornia.* Injury to garden plants was also noted. Men- 
tion was made of great destruction to fruits and vegetables in 1890 in 
California.° The following year Mr. Koebele reported injury to 
young corn by the larve at Alameda, Cal., often three to five larvee 
being observed cutting off the roots of a single plant.* A series of 


4 Comstock: Ann. Rep. Comm. Agr. for 1879 (1880), p. 246. 
6 Koebele: Bul. 22, O. S., Div. Ent., U. S. Dept. Agr., p. 87, 1890. 
¢ Insect Life, Vol. III, p. 468, 1891. 
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articles was published on this species from 1901 to 1902 by Mr. E. J. 
Wickson.* There are also in the Bureau unpublished accounts of 
injury to orange trees, the leaves of which are skeletonized. 

Two natural enemies of this species have been observed; one, the 
tachina fly, Celatoria diabrotice Shim., also described as Celatoria 
crawit by Mr. Coquillett in 1890.’ The other is a spider, also observed 
by Mr. Coquillett, and known as Xysticus gulosus Keys.° 


THE WESTERN STRIPED CUCUMBER BEETLE. 


(Diabrotica trivittata Mann.) 


The western striped cucumber beetle (Diabrotica trivittata Mann.), 
which is very closely related to the eastern striped cucumber beetle 
(Diabrotica vittata Fab.), is common throughout the State of Cali- 
fornia and extends into Oregon, where it practically replaces the 
eastern form, although, according to records, it is not nearly so 
injurious. We have indeed few records of injurious occurrences. 
Since 1898, however, when the writer recorded injuries by this species 
to cucurbits, there have been scattered reports of injuries to this 
class of plants, all of which it attacks. It attracts much more atten- 
tion when it occurs on fruit trees, and has been accused of considerable 
injury toripening peaches and apricots. Like the eastern form, also, it 
isfound associated with aclosely related species, inthis case the western 
twelve-spotted cucumber beetle just considered. From the striped 
cucumber beetle of the East it may be separated chiefly by its darker 
colors. The antenne are entirely piceous, the thorax bears two 
coalescing fovezx, and the legs, with the exception of the bases of the 
femora, are entirely black. 

In 1903 we received report of injury by this species to various 
plants in the neighborhood of Dehesa, Cal., and in July, 1905, to beans, 
cucumber, squash, and the silk of corn in the vicinity of Salem, Oreg. 
In this latter locality it was associated with the common Diabrotica 
soror Lec. August 11,1907, Prof. E. 8. G. Titus stated that melons 
had been seriously injured for two years past in the vicimity of 
Imperial Junction, Cal. During that year and in succeeding years 
this species was found, by various agents, collaborators, and special 
correspondents who visited the sugar-beet region of the Pacific States, 
in sugar-beet fields, where, however, it was doing no serious injury. 


@ Pacific Rural Press, June 30, 1900, et seq. 
6 Coquillett: Insect Life, Vol. II, p. 233, 1890. 
¢Loc. cit., p. 74, 1890. 


BIOLOGIC NOTES ON SPECIES OF DIABROTICA IN 
SOUTHERN TEXAS. 


By H. O. Marss, 
Agent and Expert. 


INTRODUCTION. | 


During the first half of the year 1909, while engaged in an investi- 
gation of insects injurious to truck crops, an opportunity was pre- 
sented to make a study of the species of leaf-beetles of the genus 
Diabrotica occurring at Brownsville, Tex., and vicinity. 

In the present paper the species considered are Diabrotica balteata, 
D. picticornis, D. vittata, and D. 12-punctata. The first two species 
are rather more abundant in Texas than elsewhere in the United 
States, this being especially true of the second. The other species 
have a more general distribution. 

I am under obligations to Mr. D. K. McMillan for the descriptions 
of the early stages of D. balteata and to the late Dr. C. F. Wheeler, of 
the Bureau of Plant Industry, for identification of the food plants 
mentioned in the text. 


OBSERVATIONS ON DIABROTICA PICTICORNIS Horn. 


The painted cucumber beetle (Diabrotica picticornis Horn) was 
extremely rare in southern Texas during the season of 1909, and only 
occasional specimens were observed, although during May and June, 
1908, Mr. McMillan noted them in abundance at Brownsville, Tex., 
eating the blossoms and foliage of cucurbits, especially that of Hub- 
bard squash. 

During 1909 the first specimen, a female, was taken March 1 on a 
Verbesina blossom. March 15 a female was taken feeding on cucum- 
ber foliage and continued in captivity until May 22, but she deposited 
no eggs. April 15, a half dozen individuals were observed on cym- 
lings. The females appeared to be well filled with eggs. Of two 
which were placed in confinement at that date, one was still living 
June 14, but neither deposited eggs. 


OBSERVATIONS ON DIABROTICA BALTEATA Lec. 


The belted cucumber beetle (Diabrotica balteata Lec.) is active dur- 
ing the entire year in southern Texas, and is by far the most injurious 
and common Diabrotica in the lower Rio Grande valley. It is almost 
omnivorous and injuries caused by it are thus widely distributed and 
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less noticeable than they would be if the species were a more dainty 
feeder. The truck growers in the valley view this species as an 
unavoidable evil and make little effort to combat it. They have no 
distinctive name for it, and it is not unusual to hear it mentioned as 
‘“‘spotted green-bug,” ‘‘tomato bug,” ‘“‘pumpkin bug,” or ‘‘ladybug.”’ 


FOOD PLANTS. 


This beetle is primarily a truck crop pest and has been observed 
actually feeding on string beans, lima beans, English broad beans, 
tomatoes, potatoes, ceanlant, pepper, turnip, peas, peanuts, squash, 
cantaloupe, cucumber, watermelon, pumpkin, okra, spinach, beets, 
lettuce, asparagus, and sweet corn. Among field crops attacked are 
corn, sorghum, alfalfa, cotton, cowpea, soy bean, and vetch, and 
Desmodium tortuosum. There is one recorded instance of its injuring 
tender fig and orange leaves and it was found feeding on the foliage 
of Sesbania aculeata and Cajanus indicus and on the blossoms of 
Dolichos atropurpureus. A favorite wild food plant is Verbesina 
encelioides. The beetles gather in great numbers on exposed tubers 
of Ibervillea lindhewmert and more rarely feed on Amaranthus retro- 
flecus and A. spinosus. They also feed on the blossoms and foliage of 
Solanum elzagnifolium and Helianthus. 


CHARACTER OF INJURY. 


Among the truck crops mentioned beans of several varieties are 
often seriously injured, many blossoms being destroyed, and some- 
times young and tender plants are entirely killed. With eggplant, 
tomatoes, and cucurbits, not only are the foliage and blossoms 
attacked, but the unopened blossom buds are eaten into and thus 
many incipient fruits are destroyed. Injury is particularly severe 
with eggplant, where many blossoms are ruined. The silk and 
unripe kernels, as well as foliage, of corn are eaten and the young 
corn plants are often badly riddled. 

The larvee were found feeding on corn, sorghum, and string beans. 
In the case of corn and sorghum they feed on the larger roots and bore 
into the crown, while with beans they scrape the main stalk below the 
surface of the soil. Injury by the larve did not seem serious with 
any plants on which they were found. 


RECORDS OF OCCURRENCE. 


During the middle of January, 1909, a freeze occurred in the lower 
Rio Grande valley which killed practically all tender vegetation, except 
in sheltered spots. On January 25 a good-sized patch of Verbesina 
encelioides that had escaped freezing was thickly infested with the 
adults, which were feeding eagerly. 

About twenty nearly mature larve were found February 5 feeding 
at the roots of sorghum at Harlingen, Tex. These were placed in _ 
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a rearing jar and one made its cell February 11, pupated on February 
16, and the adult developed February 27. Adults continued to issue 
until March 5. 

The beetles were abundant at Brownsville, Tex., February 6, on 
string beans which they nearly defoliated. February 11, a half- 
grown larva was found feeding at the base of a string bean plant. 

Adults were observed feeding on tender fig leaves at Santa Maria, 
Tex., February 24. 

March 5 about twenty eggs were found at the base of string bean 
plants. The female beetles had evidently gone down in cracks in the 
earth as far as possible and oviposited in the loose soil from 1 inch 
to 24 inches below the surface and from 4 inch to 2 inches from the 
plant. The eggs were placed singly as a rule, but a few were in 
clusters of from two to five. No larve were observed at this date. 
The beetles were fairly common and some pairs were mating. 

Eggs were found about young sweet corn March 15, placed in the 
loose soil at the base of the plants, singly and in clusters of four or 
five. Twenty eggs were found about one small plant. 

The beetles were reported seriously injuring young pepper and 
okra at Mercedes, Tex., April 15. 

They were numerous on lima beans a week later, attacking chiefly 
the large first leaves and cutting large holes in them. It appears that 
they return repeatedly to the same leaf and eat a large area at one 
place. April 26 a nearly mature larva was found feeding on the 
roots of sweet corn. 

During May the beetles were present in moderate numbers. On the 
10th some were observed feeding on buds of tomato and on squash 
foliage. Females, with abdomens distended with eggs, were present, 
and one or two of these which were placed in confinement deposited 
eggs on the 12th. 

May 27 the adults were fairly common on alfalfa, cotton, tomatoes, 
and English broad beans. 


NOTES ON LIFE HISTORY. 


Beginning with March 1 an effort was made to work out the life 
history of this species. The record for a generation at this time 
follows: 


Life-history record of a single adult female of Diabrotica balteata confined March 1, 1909. 


Marchal: sees eee ene Female confined in rearing jar. 
March ‘3.2. Sei eae 37 eggs deposited. 

Marchol2. 25105. Se eee 37 eggs hatched. 

FATT 3.22 So oseen Se ee First larvee made cells. 

J3\\ 0) 3 PY aera ere eae First larvee pupated. 

23\ 70) Ea I SS are RE cig First adults developed. 

JA Soy art N74 0) 2 ae ea First adults issued from cells. 


POR pole se esol te Yee Last of adults issued, of which 24 developed. 
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, From the above record the stages are as follows: 


Days. 

LE ge eee et ok Ue ete lec oe ateate we Bh cserahc aie ee miata aie» wig 9 
ILEVAVEH! SURO. pen Gacoada dad ave See oe Rene Boece! Rew eE ee TSS Saree 26 
Peer ER IE MEOOn eels Aen REE ators ahem 2. ex caiaya"o cab a's Soe Soe eltaetee esc 11 
TNO IEE aSe oe ais tec GOSS gee SO IOI Ce eae Et eee es i eae 46 


The mature larve remained quiescent in the cells for 6 days before 
pupating, and the beetles were in the cells from 2 to 3 days before 
issuing. The adults begin to feed as soon as they leave the cells, 
although they are still soft and light colored for from 3 to 5 days. 
No pup were found in nature, but in the rearing jars the larve, 
when mature, burrowed into the soil from 4 inch to 2 or 3 inches and 
formed cells by wriggling about. The larve and pupexe were very 
tender and were easily killed if handled at all roughly or if the soil 
in the cages became dry. A moderately moist condition appeared to 
be most favorable. 

Three females, which were placed in confinement during the first 
days of March, deposited respectively during one day as follows; 23, 
45, and 48 eggs. The incubation period of these eges varied from 9 
to 11 days. One of these lots was carried through with the following 
results: 


Days 

EE SUGGS ee oe ee ee aa oe ee 9 
ILA GEM SIERO Se es oa gn Aes te ea as eran a 25 
TPA opr hae AE Sie ae A a eS Ree ogc eee a 11 
ARG tall eee te ere cartes Me Oe enya Seren (ee ce ee eee ae 45 


On April 21, 8 adults which issued in the rearing jars between 
April 18 and April 21 were put together into one cage, with foliage of 
Verbesina, to breed. 


Record of 8 adults of Diabrotica balteata which had issued in rearing jars April 18 to 21, 
1909, and confined, April 21, in one cage with foliage of Verbesina, to breed. 


‘ Eggs de- . 
1909. Mated. peated Died. | Escaped. 
| _ — 

April 24.... 0 0 igs ESE ee 

April 28.... 0 0 1 1 
April 30.... 2 0 (ays eee aes 
May 14.... 0 0 1 ee nee 
May 18.... 0 0 7 a ee iene 

Total .. 2 0 5 1 


a Taken out; see table following. 


None of the beetles deposited any eggs, nor were they observed 
mating. 
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The record for the pair which mated April 30 is as follows: 


Record of egg deposition of a single female of Diabrotica balteata, 
which mated April 30, 1909.4 


Number 

1909. of eggs. 
Mayi8ie.2.-- 39 
May 19....... 6 
May 2162 35-5 23 
May 24....... 14 
May 26... 2-2. 16 
Total..... 98 


@ May 31, male died; June 2, female died. 


This gives a total of 98 eggs from one female. The life of the 
male was 43 days and that of the female 45 days. 
The record for the 39 eggs deposited May 8 is as follows: 


Detailed record for the 39 eggs of Diabrotica balteata deposited May 8, 1909. 


Maes vactet a ae eee ae 39 eges deposited. 
1 Ch pal ba a Bee Sania ag gr 2 39 eggs hatched. 
JE 5 5) ed eps abba 5 ae WR pee gE First larvee made cells. 
May Dies alice son eee ie First larvee pupated. 
iuime IR ee ere eaten SAS REN Se eas he First adults developed. 
SURG AEE ae eyes arte ene ee op ee First adults issued from cells. 
BINS G "Aeros re chiar es cates We crore All adults had issued. 
The stages were: 
Days. 
Mee stages. ois. Sickie Los eet tle otle aknom cae oe. ct 5 
harvall Stag ease at se cla aie. bel yee Mamet uae ete Pc ee 14 
Bupalistage cu. sot hecs eae Ae te ge Ae ae ae eee oe 5 
Potal. cent. ya ese ee eee ae toy 24 


The larvee of this species were confined in large jelly glasses and 
in large vials and fed with sections of sorghum cane. Of the three 
species reared (Diabrotica balteata, D. vittata, and D. 12-punetata), 
INabrotica balteata was by far the most hardy, and this probably 
accounts for its abundance as compared with LD. vittata and D. 
12-punctata. 

Records showed that one lot matured March 1, a second April 18, 
and a third June 1. Mr. McMillan found the beetles in greatest 
abundance during November and December. Judging from this and 
from the rearing records, there may be at least six generations, and 
probably one or two more each year. 

Occasional mutilated beetles were found lying on cucurbit and 
other leaves and had evidently been killed by some predaceous 
insects. Many specimens dissected during May showed no internal 
parasites. 

The temperatures at Brownsville during January, February, and 
March ranged from a minimum of 29° F. to a maximum of 95.1° F. 
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The extreme minimum of 29 degrees occurred only on one or two 
days during ‘‘northers,”’ and excepting those few days the minimum 
did not get below 40 degrees. During April and May the range was 
from a minimum of 46° F. to a maximum of 95.5° F. The average 
temperature during these five months was as follows: 


Average temperatures at Brownsville, Tex., from January to May, 1909. 


Average | Average 
1909. maxi- mini- 
mum. mum. 
2 RS oe 

January...... 75.3 Dba 
February .... 15.7 55.0 
Marchtesoee sc 81.7 60. 0 
Arilsee 7 oer 82.5 65.2 
May.- =<. 85. 0 70.5 


The following description of the earlier stages was prepared by 
Mr. McMillan from living material: 


DESCRIPTION. 


Egg.—Pale yellow, oval and regularly elliptical, very finely sculptured, about 0.6 
mm. long by 0.33 mm. wide. 

Newly hatched larva.—Pale yellow, head light brownish, anal segment light gray. 
Slender, with head and thoracic segments broader than rest of body, except anal 
segment, which is covered by a shield flattened and rounded at posterior margin. 
Body sparsely covered with short, colorless hairs which in length are about one-half 
diameter of body. Length, 2.25 mm.; width, 0.25 mm. 

Mature larva.—Light yellow, head and anal plate light brownish. Body slender, 
dorsal and ventral surfaces smooth, longitudinal wrinkles provided with scattered 
hairs on lateral surfaces. A few short hairs on head and analsegment. Head slightly 
longer than wide, flattened. Length, when extended, 12 mm.; width, 1.25 mm. 

Pupa.—Light yellow, concolorous. Body rather long, oval in general outline, 
abdomen tapering slightly. A few scattered hairs on head and abdomen. A pair of 
stout spines on dorsal surface of anal segment and a pair of fleshy tubercles on ventral 
surface of same. Length, 5 mm.; width, 2.5mm. [D. K. McMillan]. 


EXPERIMENTS WITH REMEDIES. 


Arsenate of lead appears to be an excellent remedy for this pest, 
as is shown by the following records: 

During November, 1908, Mr. McMillan sprayed one-tenth of an 
acre of tomatoes, which were being damaged by this Diabrotica, with 
arsenate of lead at the rate of 6 pounds to 100 gallons of water, and 
with pyrox, a commercial brand of combined arsenate of lead and 
Bordeaux mixture, at the rate of 8 pounds to 100 gallons. The results 
from both insecticides were very good, no differences being noted 
between them. 

February 8, 1909, a patch, about one-twentieth of an acre in 
extent, of tender-leaved string beans was being rapidly defoliated 
by this species at Brownsville, Tex. With the exception of two 
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check rows, the entire patch was sprayed by the writer with arse- 
nate of lead at the rate of 10 pounds to 100 gallons of water. This 
rather excessive strength of arsenate was used in order to determine 
its effect on the foliage, which was very tender. At the time of 
spraying the beetles were in great abundance, from one to six indi- 
viduals being present on every plant. The results of this treatment 
were checked up February 11. At that date the sprayed plants 
were almost entirely free from beetles, only an occasional specimen 
being seen on the under side of the leaves. The defoliation of the 
plant was almost completely checked, and there was no burning 
from the arsenate. The plants in the check rows were almost com- 
pletely defoliated. The beetles, however, were not nearly so numer- 
ous as they were on February 8 when the other plants were sprayed. 
This decrease in numbers was probably due to the fact that many 
beetles were killed by eating the poisoned plants in the adjoining 
rows. Unfortunately, a few days later the entire patch of beans was 
destroyed by a “‘norther”’ and no further observations could be made. 
On March 20 this species, in company with Diabrotica vittata, was 
injuring voung cucurbits at Brownsville. Mr. H. H. Jobson had 
these plants sprayed with a combination of Bordeaux mixture and 
arsenate of lead (6 pounds arsenate of lead to 100 gallons of Bordeaux 
mixture) and later he reported good results from the treatment. 


OBSERVATIONS ON DIABROTICA VITTATA Fab. 


Next in order of importance, from an economic standpoint, is the 
striped cucumber beetle (Diabrotica vittata Fab.). This species is | 
usually rare in southern Texas as compared with D. balteata and its 
injuries are confined to cucurbits. 

The first occurrence of this species in southern Texas recorded is 
for January 26, when adults were found in squash blossoms at Browns- 
ville. Occasional adults were observed during February, and on 
March 6 complaint was received from a grower near Brownsville, 
where the beetles were injuring cucumbers and melons, from one to 
five beetles being present on many plants. At this date, also, a 
similar report was received from Mercedes, Tex. 

Mr. A. M. White, of Mercedes, later reported that he completely 
controlled this species, which was seriously injuring cucurbits, by 
spraying three times with arsenate of lead at the rate of 6 pounds in 
100 gallons of water. 

The beetles were causing noticeable injury to cucurbits at Browns- 
ville March 20. The plants were sprayed, under the direction of Mr. 
H. H. Jobson, with a combination of 6 pounds arsenate of lead and 
100 gallons Bordeaux mixture with successful results. 

April 13, the writer found larve in numbers infesting squash plants 
at McAllen, Tex. Some plants were wilting and many of the roots 
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were found to have been scraped nearly bare, and in a few cases the 
larve had buried themselves in the main root. All observed were 
nearly mature. One larva made a cell April 17, pupated April 21, 
and the adult developed April 28. Other beetles developed April 30 
and May 1. 

During May beetles were observed, but no injury was noticed or 
reported. 

June 10 the beetles were abundant at McAllen, Tex., feeding on 
the foliage and rinds of watermelons and disfiguring some of the 
melons. The foliage in some places was badly riddled, but the crop 
was so far advanced that this caused little damage. Many beetles 
hid during the middle of the day among cabbage and Amaranthus 
leaves for protection from the sun. 

The life history of one generation of this species was worked out 
as follows: 


Record of a single female of Diabrotica vittata placed in confinement April 26, 1909. 


MENA Geese teccc- --6s ves -- 0 blaced in confinement. 
1 2 eat OS 42 eggs deposited. 
ISLES I aes eee apa, ene a 42 eggs hatched. 
WIR aye 2 Soo le ores ea Senet ete First larvee made cells. 
Mya ZA aban ese, J eee sf ols First larvee pupated. 
I Ley ACL We Bes ge SR First adults developed. 
WS 57 GL pe le me aa ee le nee First adults issued. 
Suites ese as cris os LIE SSS All adults had issued. 
The stages were as follows: 
Days 
[B/S RIPUS: aie cS es he sere de MN a Sa a ee 8 
J OSTA GTEREED, 02 ene Eee Ceadatrae i set eae ete OU 14 
LETRUS PIL SNE) SAG EN a Be a Ann A a eee aed ee 5 
INGE Cs Rare eae eg Ar at a rae Soe ef eA He a 27 


The mature larve were in the cells three days before pupating and 
the adults remained in the cells from one to four days before issuing. 
The first pair of these beetles mated June 4. and the first eggs, 20 in 
number, were deposited June 11. 

On May 3 another female deposited 58 eggs and the following 
record was obtained: 


Days 

LES ROG Ee ss Seam aM |G eee ee Ae Ae ea ee ee 7 
TCL STR as a AS ee nor be ge ce ONS ole 15 
1 PCOIPOIDIIL Soyer a, = es dagen ee ea apy eae ee 5 
Potal...-s BPs ae Ree eee ue ec ty ales iain LS So. 2 RU 27 


During the first weeks of May, when this species was being reared, 
there was a period of excessive humidity. The larvae were supplied 
with sections of cucumber vine as food. The humidity caused this 
food to decay very rapidly and this necessitated frequent renewal, 
and as a result many larvee died and only a relatively small propor- 
tion was carried to maturity. The temperature during May, 1909, 
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as recorded at the local weather station, ranged from a minimum of 
60.9° F. to 94.4° F. 

Observation has not been carried far enough to enable the writer 
to state positively the number of generations in this region. 


OBSERVATIONS ON DIABROTICA DUODECIMPUNCTATA Oliv. 


The twelve-spotted cucumber beetle (Diabrotica duodecimpunctata 
Oliv.) occurs only in small numbers in southern Texas, and no com- 
plaints of injury were received concerning it. 

On February 5 four mature larvee were found feeding on the roots 
of sorghum at Harlingen, Tex. February 7 one of these made its 
cell; on the 15th it pupated, and on the 25th the adult developed. 
The other beetles developed a day or two later. 

On May 12-a female with greatly distended abdomen was placed in 
confinement and deposited eggs as follows: 


Record of egg deposition of a single female beetle of Diabrotica duodecimpunctata in con- 
finement May 12, 1909. 


Number Number 

1909. of eggs. 1909. of eggs. 
May 14o 332 Sa5es- 68} May, 29). 322 = a.m ae 38 
MiayalGis- senses 7D aun ellie = eae 19 
Maiyul QDs See ee Gon WUne Gssen eee ae 20 
May, 245 sjsisc- ace G7el PUNE |S sae eet (2) 
May 262222 cece 55 
Maid Teee es ieiece 110 Total s..ss- 515 


@ Beetle died. 


This gives a grand total of 515 eggs from one beetle. 
The record for the eggs which were deposited May 14 is as follows: 


Detailed record for the 68 eggs of Diabrotica duodecimpuncta’1 deposited May 14, 1909. 


Msivel ae ieet sed ao Atlee tek sete 68 eggs deposited. 
May 20. dette ellos alee e Paratecs Me 68 eggs hatched. 
Many Siew MeN eee: ake RCN HS First larvee made cells. 
Piast Oe ee ee ie BAe Ce Oa First larvee pupated. 
June dOsssesecee-ee see ee see First adults developed. 
AUG UO eee ey ee ee eee ee First adults issued from cells. 
ATA G5 1A eet ge a ee es yn All adults had issued. 
The stages were as follows: 
Days. 
Migr gtape cs Saat cccas sce etre re Sa ralar ec aie eee en ee ee ee 6 
Larval atagess cee So eis 5 2 a sis SS ee er 15 
Pupal'stage: sos ALE COS Cte LC tee ea ere 6 
Totallss. cs ted Be Saeco 27 


This species proved very hard to rear and only a small proportion 
of the larvee reached the pupal stage. The larvee were placed in large 
jelly glasses and fed on sorghum cane. 
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SOME INSECTS INJURIOUS TO TRUCK CROPS. 


NOTES ON VARIOUS TRUCK-CROP INSECTS. 


By F. H. Cuirrenpen, Sc. D. 
In Charge of Truck Crop and Stored Product Insect Investigations. 


ON THE NATURAL ENEMIES OF THE COLORADO POTATO BEETLE. 
SOME INSECT ENEMIES OF THE POTATO BEETLE. 


Few, if any, noxious insects have so many recorded natural enemies 
as the Colorado potato beetle (Leptinotarsa decemlineata Say). <A 
list of these has been recently compiled by the writer.? A few species 
not previously recorded have since been reported by special corre- 
spondents and agents of this office, and these will be mentioned here. 


PTEROSTICHUS LUCUBLANDUS Say. 


July 3, 1908, Mr. J. Byron Roney, Plainville, Mass., sent specimens 
of the ground beetle Pterostichus lucublandus Say and reported that 
it was found on that date busily engaged in devouring the grubs of 
the Colorado potato beetle. Although this is an extremely common 
insect, one of the best known of the Carabide, it has not hereto- 
fore, to the writer’s knowledge, been recorded as an enemy of the 
potato beetle. 


APATETICUS (PODISUS) MARGINIVENTRIS SAY. 


Apateticus (Podisus) marginiventris Say, which closely resembles 
the spined soldier-bug (P. maculiventris Say), a well-known enemy 
of the Colorado potato beetle and other injurious insects, was ob- 
served attacking the larve of this potato beetle by Mr. H. O. Marsh, 
Chester, N. J., in August, 1908. 


PERILLOIDES (PERILLUS) BIOCULATUS Fabs. 


Perilloides (Perillus) bioculatus Fab., a pentatomid bug, as is the 
preceding species, was reported by Mr. D. H. Shannon, Appleton, 
Wis., as having been noted killing the Colorado potato beetle in 
August, 1908. Two bugs were noticed attacking a mature beetle. 
They held it by the head and refused to relinquish their prey when 
the beetle was pulled off from the potato stalk on which it was feeding. 


a Cir. 87, Bur. Ent., U.S. Dept. Agr., pp. 10-12, June 3, 1907. 
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EUTHYRHYNCHUS FLORIDANUS L. 


July 7, 1909, Mr. Fred. A. Eigenman, Abbeville, S. C., sent speci- 
mens of Huthyrhynchus floridanus L., which he had found that morn- 
ing on eggplant. When discovered the insect was attacking the 
larva of the Colorado potato beetle. As this was a new observation 
to Mr. EKigenman, he promptly apprised this office of the fact. This 
species is not uncommon in the Southern States, and specimens 
have been frequently received for determination, with notes on 
habits, from South Carolina, Florida, and Georgia. 

It is highly probable that the species is beneficial, although there is 
a possibility that it may feed also on plant juices exceptionally, 
as is known to be the case with some related forms. 

In looking over the files of the Bureau it is found that this species 
was reported from Lanford, Laurens 
County, S. C., June 24, 1887, by Mr. 
Y. N. Lanford, who stated that he 
found the insect to be a bee destroyer. 
While sweeping off webs and other 
refuse from a bee bench and “‘gums”’ 
(colloquial for box hives), he noticed 
one of these bugs with its beak in- 
serted into the abdomen of a honey 
bee, just above the sting. He did 
not know, however, to what extent 
the insect attacks the bees.* During 
1901 Mr. H. Walter McWilliams, 
Griffin, Ga., sent specimens with a 
letter dated October 28, stating that 
the species occurred in some numbers 
on catnip. 

Fig. 24.—Euthyrhynchus floridanus, an enemy During 1907-8 Mr. H. M. Russell 
of the Colorado potato beetle. Enlarged. observed this bug attacking the ereen 
chen ae plant-bug (Nezara hilaris Say) on 

eggplant at Dade City, Fla., and the black walnut caterpillar (Datana 

integerrima G. and R.) on pecan at Orlando, Fla. 

This species is a tropical form and is recorded as occurring also at 
New Orleans, La., in Mexico, and Central America generally, as well 
as in Venezuela, Colombia, and Brazil. A full bibliography was fur- 
nished in 1880 by W. L. Distant.? It has many synonyms, which is 
to be accounted for by its wide distribution and variability. The 
mature bug measures between one-half and three-fourths of an inch 
in length. The usual color is green above, spotted with red, the 
spots being arranged more or less as shown in the accompanying 
illustration (fig. 24). Individuals occur also without red markings, 


4 Mention of this bug attacking the honey bee is given in Insect Life, Vol. I, p. 88, 
Sept., 1888. 
b Biologia Centrali-Americana, Hemiptera-Heteroptera, Vol. I, pp. 41-42, Oct., 1880. 


NOTES ON VARIOUS TRUCK-CROP INSECTS. 87 


some bear a single spot at the apex of the scutellum, while a common 
form has one apical and two basal scutellar red spots. A large por- 
tion of the lower surface is reddish yellow. The rostrum or beak is 
about half the length of the entire body. 

Mr. Thomas Belt, in his publication? referring to this bug as Pen- 
tatoma punicea, states that on two occasions he found it sucking the 
juices from dead individuals of a “bright green rose chafer.’”’ Since 
the beetle was twice the size and weight of the bug, very active and 
taking wing quickly, he concluded, quite correctly, that “the only 
way in which the latter could have been overcome was by the bug 
creeping up and quietly introducing the point of its sharp proboscis 
between the rings of its body when the beetle was sleeping, and 
injecting some stupefying poison.”” In both instances the bug was 
on a leaf of a shrub with the bulky beetle hanging over suspended on 
the bug’s proboscis. 


SOME WILD BIRD ENEMIES OF THE POTATO BEETLE. 


As the list of wild birds known to feed on the Colorado potato 
beetle furnished in Circular No. 87 is not quite complete, the fol- 
lowing note from a list compiled by Mr. W. L. McAtee, and published 
in 1908, is of interest. 

Speaking of the food habits of the grosbeaks, Mr. McAtee says:? 
“Tt should be noted also that several other birds, including the bob- 
white, prairie chicken, sharp-tailed and ruffed grouse, red-tailed 
hawk, nighthawk, cuckoo, crow, English sparrow, cardinal, scarlet 
tanager, wood, hermit, and olive-backed thrushes, and robin, eat 
potato beetles occasionally.” 

June 20, 1910, Mr. B. A. Reynolds, of this Bureau, noticed a bird, 
which he identifies as the chipping sparrow, apparently capturing 
larve of the Colorado potato beetle on potato plants in his garden 
at East Riverdale, Md. When observed it was flitting or hopping 
along the ground, attacking the “slugs” from the stalk of the potato 
plants, taking as many as four or five from one plant and then pro- 
ceeding to the next in the row. Later the bird crossed at different 
times to other parallel rows, repeating the operation. No other 
bird common in this vicinity is known to have this habit of running 
from row to row in garden patches as described, and although this 
bird is becoming common, as it was at the time of the introduction 
of the English sparrow, it has not been reported, to the writer’s 
knowledge, as attacking the Colorado potato beetle in any form.‘ 


a The Naturalist in Nicaragua, ed. 2, rev., 1888, p. 127. 

b Bul. 32, Bur. Biol. Surv., U.S. Dept. of Agr., p. 47, 1908. 

¢Mr. Reynolds also reported that Mr. B. C. Wheeler of the same place had a white 
_tock pullet, an incubator chick, which developed the habit of feeding on this 
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GUINEA FOWLS AS DESTROYERS OF THE POTATO BEETLE. 


The efficiency of the guinea fowl in destroying the Colorado potato 
beetle does not appear to have received much mention in available 
literature. Two special correspondents of this office have written 
the writer on this topic, one of them recently, and their experience 
is well worth publishing. 

June 1, 1907, Mr. F. W. Speegle, Bremen, Cullman County, Ala., 
wrote that about 25 years ago the potato “‘bugs” made their appear- 
ance in his county and increased until they were so numerous 
that it was a hard fight to raise potatoes at all. Having learned 
that the guinea fowl would eat the beetles, he at once began to 
raise the fowls. In the spring of 1905, when the beetles appeared, 
the guineas were induced to enter the potato patch by strewing 
corn about the vines. After eating the corn the fowls consumed 
the beetles, apparently with great relish, and less than a week later 
not a ‘“‘bug” could be found on the potato tops. A good crop was 
made, which was also clean of scab. He had the same experience in 
1906, and since then had not seen a potato beetle in his potato fields 
and only a few on his entire farm. <A few occurred out of the range 
of his guineas on what he terms ‘‘tread-soft’’ (probably a Solanum), 
which seems to be the principal diet of the bugs, excepting the 
potato. His neighbors who had no guinea fowls had as much trouble 
with the potato beetles as he did before he obtained the guineas. 

Writing on the same topic Dr. George Vanden, Gallipolis, Ohio, 
stated in a letter received May 1, 1909, that many years ago when 
the Colorado potato beetle was very bad and when he and his neigh- 
bors had potatoes in adjoining patches, the neighbors ‘‘bugged”’ 
faithfully, but the bugs ‘‘multiplied and_replenished,”’ and the patch 
was very ragged, while his own vines were fine and flourishing, 
although no remedies had been applied. He soon found that the good 
condition of his own vines was due to his flock of between 20 and 30 
full-grown guinea fowls that patrolled the patch and converted the 
‘‘bugs” from a nuisance into ‘‘good guinea feed.’ He expressed 
himself as believing that this combination of raising potatoes and 
cuinea fowls would not only be feasible, but to the mutual advantage 
of the potatoes and the guineas; at least it worked satisfactorily in 
his case. 

It is to be hoped that correspondents who are troubled with potato 
beetles will make tests of the efficiency of the guinea fowl as a destroyer 
of this and other garden pests. 


NOTES ON THE POTATO STALK WEEVIL. 


Since the publication of a comprehensive article on the potato 
stalk weevil (Trichobaris trinotata Say) in 19027 a few data have 


2Bul. 33, Bur. Ent. U. S. Dept. Agr., pp. 9-18, 1902. 
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accumulated in regard to the habits of this insect which are worthy 
of record. 

During 1907 Mr. F. D. Hopkins, while engaged in the Bureau of 
Plant Industry, collected some infested stems of cultivated Physalis 
of an unknown species, supposed to be a hybrid, grown at the Arling- 
ton Experimental Farm, at Rosslyn, Va. The stems submitted to the 
writer, October 30, contained at that late date one larva and three 
pupe. Mr. Hopkins had noticed for some time a peculiar injury— 
the breaking of many stalks fully three-fourths of an inch thick—and 
attributed it, with good reason, to the inroads of the larva of this 
weevil. The complete rupture of the stalks was brought about by 
severe winds which were encountered on three different days in October. 
This is apparently the first record of injury by this species in the 
vicinity of the District of Columbia. It also shows that the insect can 
be much later in maturing than is generally supposed, the larve and 
pupe being found much later than is usual. The first adult from this 
lot did not develop until November 25. The pup obtained wintered 
over as such but died during a very severe and unseasonable hot spell, 
when the insectary was not properly screened, in the latter days of 
March. Normally, they would not have developed for a month or 
two later. It has been quite generally stated by all writers on this 
species, as has been said in the article quoted, that all beetles mature 
by September and that hibernation is therefore always as a beetle, the 
knowledge of this fact being of great value in the control of the 
species. 

During July, 1908, Hon. John H. Rothermel wrote of injury by 
this species in the vicinity of Reading, Pa., stating that it was eating 
into potato stalks and killing them. The same month Mr. Walter W. 
Jacobs complained that the potato crop in Delaware County, Pa., 
was infested with this species, which he accurately described working 
in the center of the stalk, eating its way from the roots upward. 

In an earlier year Mr. F. C. Pratt observed this species attacking 
eggplant at Four-Mile Run, Virginia, about 30 per cent of a field 
being found injured by July 29. His notes are as follows: 

The larva was found in one plant examined and plants averaging 2 feet high were ° 
affected, some bearing fruit. After they were attacked the plants withered away and 
died. The owner of the truck farm stated that for three years his eggplant had died 
in the same manner and he had attributed the loss to the soil, the plants being grown 


at that time on low ground thought to be “‘sour.’’ Each year he changed the location, 
but the same conditions had prevailed. 


A cocoon of a parasite was observed at that time in the burrows 
of the insect in eggplant and later the chalcidid parasite Eurytoma 
tylodermatis Ashm. was reared from stems of Solanum carolinense 
infested by this species and collected by the writer in the District 


of Columbia. 
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MAGGOTS AFFECTING YAMS IN THE SOUTH. 


Comparatively little attention has been paid to the insect enemies 
of sweet potato and yams in America. An exception is the sweet- 
potato borer or weevil (Cylas formicarius Fab.) which has been ably 
treated by Mr. A. F. Conradi in a recent publication ¢ of the Texas 
Agricultural Experiment Station. Short accounts of other species, 
including the tortoise beetles, have been prepared by Riley, Sander- 
son, and others. The species which will be mentioned in the present 
article are apparently new as sweet potato pests. 

March 11, 1908, Mr. P. J. Wester sent from Nassau, British West 
Indies, a yam, Dioscorea alata, badly affected with maggots. When 
received, owing to the long journey, leading to the destruction of 
many specimens, comparatively few larvee remained. An examina- 
tion showed that these were of three species, all pale yellow at the 
time of receipt. Some pup were also present. The specimens 
reared were identified by Mr. D. W. Coquillett and are as follows: 

Lonchxa longicornis Will.—The flies of this species issued from 
March 13 to April 10. This is an ortalid and bears some resemblance 
to the better known ZL. polita Say. The head is dark brown, the 
thorax dark blue, and the wings are only slightly iridescent. In 
polita the head is a lighter brown, the thorax more distinctly blue, 
and the wings more strongly iridescent. 

Euxesta nitidiventris Loew.—The adults issued from March 31 to 
April 8. This species is of about the same size as the preceding and 
resembles our commoner F. notata Wied. Superficially it differs by 
being duller colored, the thorax being feebly metallic blue and the 
wings not so strongly marked with black on the margin. This 
species has been reared from the ears of sweet corn at Brownsville, 
Tex., by Messrs. D. K. McMillan and H. O. Marsh in December, 1908, 
and in January, 1909. The pup were noticed in abundance in 
husks and silk. In one case the larve and pupx were taken in 
moderate numbers in decaying immature corn ears which had been 
injured by the well-known bollworm or corn ear-worm. 

Euaesta thomex Loew.—The adult of this species issued April 2. 
It is of about the same size or a little larger than the preceding, but 
marked much like Chetopsis xnea Wied. This species was also 
reared from the ears of injured corn collected by Messrs. McMillan 
and Marsh at Brownsville, Tex., December 29, 1908, adults issuing 
en route January 4 and later. Puparia were found in abundance in 
the husks and silk. It was associated with the smaller Ch. «nea. 

From what we know of related species the probabilities are that 
these three flies live in their larval or maggot stage chiefly on decom- 
posing vegetation but they are all three capable of injuring growing 


a Bul. 93, Texas Agr. Exp. Sta., pp. 1-16, 1907. 
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plants. In the case above cited they were quite obviously injurious 
to the yam tuber, but the extent of the injury was not reported. 

Of the three species above mentioned E. nitidiventris occurs in 
Texas and Florida; the other two are apparently not recorded fron 
the United States. 


NOTES ON THE FEEDING HABITS OF BLISTER BEETLES. 


Entomologists have had occasion to notice, in the case of certain 
forms of insects, and more especially of gregarious caterpillars, that 
when once a colony begins feeding on a certain form of plant or other 
food, a special taste or fondness is developed by that colony and the 
insects continue on the same material, in the case of caterpillars, at 
least until about the last stage is reached. The same is observable 
in the case of leafhoppers, which frequently leave the plant on which 
they have fed during their first stages of growth and fly to another 
plant in the later stages. This habit is strongly developed in insects 
which are omnivorous as well as gregarious, e. g., in blister beetles. 

The margined blister beetle (Hpicauta marginata Fab.) has been 
repeatedly observed by the writer feeding on beets, literally in 
“‘flocks.”” The beetles begin at some point on a row or two and 
continue along those rows unless interrupted. When they are more 
abundant several colonies will frequently strip many rows until 
entire plantings are destroyed. . Not until this is accomplished do 
they turn to some other food plant. Beet appears to be a preferred 
food plant of this species when it is available. On one occasion the 
writer observed this species attacking a row of cabbages contiguous 
to a row of beets. The beetles continued along this row, evidently 
“following the leader” like sheep. It is the same with weeds when 
these are attacked. On another occasion the beetles of this species 
were observed feeding on lamb’s-quarters—not a favorite food—and 
the flock continued on this plant until it left the neighborhood. 

The striped blister beetle (Hpicauta vittata Fab.) was seen in the 
same manner eating the rough pigweed (Amaranthus retroflexus), 
which the beetles almost completely defoliated, leaving nothing but 
the bare stems, and scarcely touching other plants occurring in their 
line of march. 

On such occasions the result is very much the same as though an 
“army” of army worms had devastated the tract attacked. The 
army worm supposedly assimilates a large portion of the actual food 
material which it consumes and which it requires for completing its 
growth. The blister beetles are already mature and judging from 
the large amount of excrement which they leave in their wake, con- 
sume many times as much as they actually require for sustenance. 

While it was the purpose of this note merely to mention the some- 
what peculiar habits of our eastern blister beetles, occasion is taken 
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to add some additional observations. During a trip at Norfolk, 
Va., in September, 1910, the writer’s attention was directed to consid- 
erable injury to garden beets and chards. A majority of the insects 
had disappeared after largely defoliating the plants, but enough 
remained for an experiment to determine the direction which would 
be taken by the blister beetles when disturbed, as this has a practical 
' bearing on the driving system practiced so successfully in the Middle 
West. The margined blister beetle and the black blister beetle 
(E. pennsylvanica DeG.) were present. As many as possible of the 
beetles were dislodged from the plants, and they were not dislodged 
at this time with ease, and all thus disturbed, with the exception 
of one which “played possum,” walked away with the wind, as was 
expected. 

Great numbers of the black blister beetle, and small numbers of 
the sweet-potato blister beetle (Z. trichrus Pall.), were observed on 
asters and related plants at Norfolk. From these high plants it was 
found an easy matter to dislodge the insects, by means of pine switches, 
into a milk pail containing about half an inch of water and a few 
drops of kerosene. With a large milk pail and several operators, 
including children, who readily take to such work, a considerable 
territory could be covered in a very short time and the blister beetles 
destroyed before they have time to injure the flowers. 


NOTES ON BEAN AND PEA WEEVILS. 


The family name Lariide has been adopted by European system- 
atists for the Bruchide, having been proposed originally by J. 
Schilsky in 1905. The genus Bruchus of Linneus, as considered by 
American coleopterists, is therefore subdivided into other genera. 
The following notes, including the European nomenclature, are 
made for the benefit of economic workers: 

Laria rufimana Boh.—The broad-bean weevil. 
Bruchus rufimanus Boh., Schoenherr, Vol. I, p. 58, 1833. 


This species, called also the European bean weevil, has recently been introduced 
at San Luis Obispo, Cal., from which locality the writer received, through the kind- 
ness of Mr. I. J. Condit, collaborator, of this Bureau, specimens reared from the seeds 
of broad bean grown there. 


Laria pisorum L.—The pea weevil. 
Bruchus pisorum L., Syst. Nat., 10th Ed., p. 356, 1758. 
B. pisi L., Syst. Nat., 12th Ed., p. 604, 1767. 
Laria lentis Froelich.—The lentil weevil. 
Bruchus lentis Froel., Der Naturforcher, pp. 57, 58, 1799. 
The lentil weevil appears to be restricted to the lentil for food. It is well distributed 
in Europe and is often brought to this country, usually dead or dying, but has not 
been introduced here to the writer’s knowledge. 
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Bruchidius trifolii Motsch. 
Bruchus trifolii Motsch., Bul. Soc. Nat. Moscou, p. 235, 1873. 
A very small species frequently received in this country from Egypt in seeds of Tri- 
folium alexandrinum, not known to be established in America, but a dangerous species 
if introduced with its food plant. 


Acanthoscelides obtectus Say.—The common bean weevil. 
Bruchus obtectus Say, Descr. N. A. Curcul., p. 1, 1831. 
Bruchus irresectus Fahr., Schoenherr, Vol. V, 1839. 


Pachymerus chinensis L.—The cowpea weevil. 
Bruchus chinensis L., Syst. Nat., 10th Ed., p. 386, 1758. 
B. scutellaris Fab., Ent. Syst., Vol. I, 2, p. 372, 1792. 


Pachymerus quadrimaculatus Fab.—The four-spotted bean weevil. 
Bruchus quadrimaculatus Fab., Ent. Syst., Vol. I, 2, p. 371, 1792. 
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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 
BuREAU OF ENTOMOLOGY, 
Washington, D. C., August 29, 1912. 

Str: I have the honor to transmit herewith, for publication as 
Bulletin No. 82, seven papers dealing with certain insects injurious 
to truck crops. These papers, which were issued separately durmg 
the years 1909, 1910, and 1911, are as follows: The Colorado Potato 
Beetle in Virginia in 1908, by C. H. Popenoe; The Parsnip Leaf- 
Miner, The Parsley Stalk Weevil, and The Celery Caterpillar, by F. H. 
Chittenden; The Lima-Bean Pod-Borer and The Yellow-Necked 
Flea-Beetle, by F. H. Chittenden; The Life History and Control of 
the Hop Flea-Beetle, by William B. Parker; Biologic and Economic 
Notes on the Yellow-Bear Caterpillar, by H. O. Marsh; Notes on the 
Cucumber Beetles, by F. H. Chittenden, and Biologic Notes on 
Species of Diabrotica in Southern Texas, by H. O. Marsh; Notes on 
Various Truck-Crop Insects, by F. H. Chittenden. 

Respectfully, 
L. O. Howarp, 
Entomologist and Chief of Bureau. 
Hon. JAMEs WILSON, 


Secretary of Agriculture. 
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PRET AGE: 


The present bulletin has been published in parts, seven in number, 
from time to time as completed, and relates to insects and groups of 
insects of widely different character. It is in continuation of inves- 
tigations on insects injurious to truck and vegetable crops begun in 
1896, the results of which have been published in Bulletins 19, 23, 29, 
33, and 43 and various circulars of this bureau, and in Yearbooks of 
the Department of Agriculture. 

The initial paper, entitled ‘‘The Colorado Potato Beetle in Virginia 
in 1908,” is a logical sequel to Circular No. 87, which treats of the 
same insect in its entire distribution. It furnishes details of experi- 
ments made in tidewater Virginia, and gives special instructions for 
the use of the traction-power sprayer in that region. It also con- 
tains interesting notes on the life history and habits of the species 
for the same region. 

Part II gives a consideration of three species injurious to umbellifer- 
ous truck crops. The first paper of this part, on the parsnip leaf- 
miner (Acidia fratria Loew), gives a concise account of this insect 
with some original notes on its biology and suggestions for its control. 
The second paper, on the parsley stalk weevil (Listronotus latiusculus 
Boh.), gives the results of original observations conducted on this 
insect in the vicinity of the District of Columbia; indeed, it is the 
first account of this species which has been published. For the 
control of this insect, which is only a pest under certain conditions, the 
abandonment of the culture of parsley is recommended for a short 
period until the insect disappears. The third article, on the celery 
caterpillar (Papilio polyxenes Fab.) makes no claim to originality, but 
introduces the first account with good illustrations of this well-known 
insect which has been published by the Department of Agriculture. 

Part III is devoted to two insects injurious to beans and peas. 
The first of these insects is the lima-bean pod-borer (Etiella zinck- 
enella Treit.). The account here given is the first record of the 
occurrence of this imported insect as a pest in America, although we 
have reports of injury as far back as 1885. The second article, on 
the yellow-necked flea-beetle (Disonycha mellicollis Say), embodies all 
the information, recently furnished by agents and correspondents of 
the bureau, that has been gained in regard to a species which is 
widely distributed from New York to Texas, especially along the 


Atlantic coast. 
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Part IV, on the life history and control of the hop flea-beetle 
(Psylliodes punctulata Melsh.), a species injurious to sugar beet and . 
many vegetable crops, as well as hops, is supplementary to an article 
on the same species published as Bulletin 66, Part VI. From the 
standpoint of the occurrence of the insect in British Columbia, where 
the particular observations were made, the insect is treated in detail 
with special reference to all of the remedies which have been sug- 
gested, leaving little remaining to be learned about the species at-the 
present time. 

Part V considers the yellow-bear caterpillar (Diacrisia virginica 
Fab.) in its occurrence in Colorado during 1909. Details of experi- 
ments with remedies are furnished, showing that arsenicals were not 
entirely satisfactory. Additional experiments should be conducted 
when another outbreak of this species occurs. 

The articles which comprise Part VI, namely, ‘‘Notes on the 
Cucumber Beetles” and ‘‘Biologie Notes on Species of Diabrotica 
in Southern Texas,” give information in regard to five hitherto little 
known species of Diabrotica injurious in southern Texas, with obser- 
vations on two common species—the striped cucumber beetle and the 
12-spotted cucumber beetle—in their occurrence in the same region. 
The papers are chiefly devoted to data in regard to injurious occur- 
rences, food plants, feeding habits, life histories, and the second 
includes experiments with remedies, arsenate of lead in combination 
with Bordeaux mixture having furnished good results in the 
treatment of some of these species. 

The bulletin is concluded by Part VII, entitled ‘‘Notes on Various 
Truck-Crop Insects.’’ Under the heading, ‘‘On the Natural Enemies 
of the Colorado Potato Beetle,’ four unrecorded insect enemies are 
treated, a list of wild bird enemies is referred to, the chipping spar- 
row 1s added as a new enemy, and attention is directed to the efficacy 
of the guinea fowl in the destruction of the potato beetle. Notes on 
the potato stalk weevil include a note showing that Trichobaris 
trinotata Say may, at least exceptionally, pass the winter as larva 
or pupa instead of as beetle. Mention is made of three species of 
maggots previously unrecorded as affecting yams. The gregarious 
habit of some common blister beetles is described and mention is 
made of an effective method of destroying them, namely, by dis- 
lodging them from the plants attacked into pails in which kerosene is 
floating on water. 

F. H. CarrrenvDen, 
In Charge of Truck Crop and Stored Product Insect Investigations. 
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a The seven parts constituting this bulletin were issued in separate form on July 28, November 30, and 


December 28, 1909; May 20, August 31, and December 8, 1910; and February 18, 1911, respectively. 
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ERRATUM. 


Page 24, line 8 from bottom, for asterias read astertus. 
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Papiho polyenes. 2.6. S255 2 PA 20, 23 


stalk-weevil. (See Listronotus latiusculus.) 
worm, colloquial name for larva of Papilio polyrenes...............-- 20 
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picticornis.... . gS aS WOR eee 


Walnut caterpillar, black. (See Datana integerrima.) 


Watermelon, food plant of Diabrotica balteata...................+-2------- 


Diacrisiaoir guia fo SO MOB eee 
Psylliodes punctulata..........-- HU! SOC 


Weevil, broad-bean. (See Laria rufimana.) 
common bean. (See Acanthoscelides obtectus. ) 
cowpea. (See Pachymerus chinensis.) 
four-spotted bean. (See Pachymerus quadrimaculatus.) 
lentil. (See Laria lentis.) 
pea. (See Laria pisorum.) 


Weevils; beanvand' pea; nomenclature: ee sew eS Ben PA Aa 
Whale-oil soap against hop flea-beetle..22.25..2.02 0202 2022.120.0202..000 2 
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Xysticus gulosus, enemy of Diabrotica soror........-.-2.---2--2222-2----- 
Yams; mascots affecting them in the South! pienso) foie. 2982. Pe 


Yellow-bear caterpillar. (See Diacrisia virginica.) 


Zinnas, food plants of Drabrotica soror_..3/293) 2 OSS) See 
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